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CHAPTER I 


LIVING AND NON-LIVING THINGS 


B roadly speaking, ever>one knows 
whai is meant by !i\ing things, but when 
we come to detine life accurately, as wc 
must do if we are to study it with any efreci. 
we come up against ditlicultics. These arc 
of two kinds: one is that there are border- 
line cases complicating simple definition 
and the other is that words, particularly 
common and much used ones, do not al- 
ways mean the same thing to dilTerent 
people, or carry shades of meaning in 
varying conditions. 

For example, we may say that it is 
characteristic of living organisms that they 
grow. But crystals grow in saturated solu- 
tions, In the first statement wc mean that 
growth in the biological sense takes place— 
and it may take us quite a long time to ex- 
plain what that in\oIves. 

In the second, wc can substitute the word 
increase without altering the meaning, and 
this implies no enlargement in the bio- 
logical sense. 

Despite these difficulties, which arc due 
in part to the incompleteness of our know- 
ledge and in part to the deficiencies of 
language, there are real distinctions be- 
tween living and non-living things. We will 
try to define these as briefly as possible 
first of all and then clarify the short state- 
ments. partly by statements of what they 
do not mean and partly, in the rest of this 
book, by the study of living organisms 
themselves. 

Before gixing these definitions, we should 
make it clear that we arc really beginning 
at the wrong end. These definitions are not 
something that biologists started with: 
they are the result of study over generations 
and centuries. Even now, they cannot be 
considered final, but are subject to revision 
if fresh facts come to light which suggest 
that the definitions are not quite adequate. 

It is one of the dangers of learning a 
science that this can be done so much more 
easily if a framework of general definitions 
and conclusions is presented at first, so 


that, as the student proceed-, to study .ind 
learn the great body of details comprising 
the science he can have something to hang 
on to. 

Later, when he begins to collect laets 
for himself, although he will inevitably re- 
late them to the general framework, he 
must never forget that these new facts ma\ 
not fit the framework but that the truth ol 
the framework must be tested again and 
again by its ability to accommodate the 
facts. This is the scientific method: the 
aca'plance for the time being as ihougli 
they were true, of generali7ations which 
suggest and permit new facts to be dis- 
covered. and the continual testing of the 
generalizations and conclusions by the new 
facts as they come to light. 

rundamental Difference 

So far as wc know now, then, living 
things are distinguished from non-living 
things by possessing certain properties un- 
known in the dead world. First and fore- 
most. living organisms are able to take 
matter dilTerent both chemically and 
physically from themselves and to incor- 
porate it in a changed form into their 
bodies. This is the fundamental difference 
from which all the others derive. These 
other differences may be generally referred 
to as activities. 

Living organisms may move, feed, 
breathe, reproduce, etc., but none of these 
is possible unless they can obtain material 
and energy from external sources and turn 
them to their own use. We shall sec shortly 
that the way they do so enables us to draw 
a fairly clear line between animals and 
plants. Before going more deeply into this 
fundamental activity of living organisms, 
let us see w'hai the other activities comprise. 

The obtaining of material which be- 
comes assimilated into the organism's body 
results in growth. In its widest sense, gener- 
ally considered under the term develop- 
ment. it may mean an increase in the com- 
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plexity of the organism, or it may entail 
simply an increase in the size of the 
organism as a whole or ol one or more of 
its parts. 

The material used for growth is the sur- 
plus left oser after replacement of matter 
used up m the normal activities of the 
animal or plant. When the supply of 
material docs no more than replace normal 
wastage, growth ceases: if it does not do 
even that, senility sets in and will ultimately 
end in death. 

Another outlet for assimilated material 
is in reproduction. This may be described 
as the mechanism by which the dynamic 
systems known as organisms perpetuate 
themselves. 

A chemical substana*, such as fluorspar 
or silica, may be found in rocks and if not 
unduly subjected to chemical action by the 
weather remains as such. Common salt is 
common salt the world over; it may be- 
come dissolved, but can be recrystallized 
again. An organism cannot thus stand 


still; it is either growing or in some stage 
of senility towards death. The continued 
persistence of a kind of organism, there- 
fore, depends upon its power of repro- 
duction. 

In the pursuit of material upon which 
the organism is to feed and drink or 
breathe, a number of subsidiary actixities 
arc necessary. Unless the source of food 
supply is all around the organism (as air is 
for human beings, water for fish, salts and 
water for the roots of plants), the organism 
must move. Movement, then, is one of the 
characteristics of most animals and this en- 
tails coming into contact with many 
features of the environment. Sensitivity 
has, therefore, been developed, together 
with e.xcitability, to enable animals and, to 
a lesser extent plants, to react successfully 
to their environment. 

Activity of all sorts implies chemical and 
physical changes in the materials of which 
organisms are composed, and a further 
series of activities is distinguished covering 





SEA-ANE:MONE AND ITS PREY 

Sca-ciucniiiiivs (annol move qiiickly in scanh of food so must take what comes alonf;. They 
have mouths sunoumkd hy siinf;in^ letuaeles with which they sei:e any little creature 
passing hv. The tentacles curve inwards and draw the victim into the mouth. 


these fields. \Vc have already mentioned 
assimilation and more will be said about 
this in Chapter V and about its counter- 
part. photosynthesis, in plants. Respiration 
is generally taken to define the gaseous 
exchanges between organisms and their 
surrounding atmosphere, based on oxygen 
and carbon dioxide interchange. Excretion 
consists of the removal of waste materials 
from the organism. 

Waste materials are those which in one 
form or another have served their purpose 
in the organism and whose continued 
presence is no longer necessary or even 
desirable. Between this and secretion there 
Is a very narrow barrier, some secretions 
having been evolved from excretions. Thus, 
some substances arc taken in by the or- 
ganism. absorbed or assimilated and 
finally disposed of. as of no further use in 
Using tissues, in dead material which, like 
hair, is still attached to the organism and 
forms a covering which is used in regulating 
body temperatures. 

\Vc have now seen the essentially dyna- 
mic character of living things and how this 


is manifested in a series of itetivities, the 
details of which will be considered later in 
the book, when it will become increasingly 
clear that these activities cannot be 
paralleled in non-living things, even though 
there may be superficial or verbal re- 
semblances at times. 

Two Great Divisions 

Within the living world there are popu- 
larly two major divisions, the animal and 
the plant. This is a very real distinction but, 
like all distinctions concerning things of 
very varied range, liable to become obscure 
at one end or other of the range. Thus, we 
find great difficulty in deciding whether 
many of the little organized forms of life 
(we call them lower forms because we like 
to flatter ourselves as being at the higher 
end) are animals or plants. 

The fact of the matter probably is that 
they are neither, because they have never 
evolved past the dividing point; the choice, 
to speak humanly, has never been given 
them. To this group belong the viruses, the 
spiroch.Ttcs, the bacteria, some kinds of 
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HOW PLANTS DIFFER FROM ANIMALS 



MARSH MARIGOLD 

Like all green plants, it loves 
the stw, for sunlight is essefh 
tial for the formation of 
chlorophyll and for the pro- 
cess oj photosynthesis. 


am;c and many of (he protozoa. By com- 
mon consent the first four arc dealt \n iih b> 
botanists and the last by zoologists, but 

there is nuich oscrKippmg. 

The dcliniiions ol animals and plants arc 
^ubject to the same resersations as those ot 
living organisms (sec page 7|. Within the 
range of each, there are such wide varia- 
tions that only a few features can be truly 
said to be common to either animals or 

plants. 

If you take and examine the plants in 
your gardens you would probably say that 
they are generally greenish in colour. ha\e 
leaves, stalks and roots, flower at some 
season of the year and bear seeds or truits 
afterwards, SVhich of these things is 
applicable to the ferns or to the seaweeds 
of the seashore, or to the Met and moiiAA? 

Now lake a look at some animals; your- 
self, your dog or cat. birds, frogs, insects, 
spiders, snails and slugs, worms, sea- 
anemones and sponges! W'here can be 
found common character- 
istics'? Typically enough, 
they arc not to be found in 
what they are or hase (in 
their appearance), but in 
what and how they do 
things (how they behave or 
act). 

At first sight we might be 
content by saying that plants 
arc fixed and do not move 
of their own will, while 
animals are free to mo\e 
about. But what about sea- 
anemones and sponges? 

W'etl. sea-anemones do just 
mose! An inch or two at a 
time, and very slowly, but 
their close relatives, the cor- 
als, do not move at all. nor 
do sponges when once the 


young stage (or larva) has sett led down on a 
rock or sionc. 

No, vse must go further back and liiul the 
reason why nearly all animals move and 
plants do not mo^e. This reason wc liiul 
,n the wav in which animals and plants 
obtain their food and the sort of lood that 
is Used by them. 

.Animals live on complex organic m.ittcr 
as well as on air. salts and water. They take 
these organic compounds in the form ol 
living or dead matter such as grass, le.ivcs 
or meat, break them down inside themselves 
to simpler compounvls and assimilate 
them, building them un again to their 
purposes. 

Plants, on the other hand, take the sim- 
ple gases, water and salts from the air and 
soil. and. by means of the green chloro- 
phyll they possess, use the energy of sun- 
light to synthesize or build up the organic, 
compounds of which they are composed 

To this, as to most definitions, there are 


LIVING AND NON-LIVING THINGS 



apparent exceptions. Fungi, for example, 
do not base chlorophyll and derive their 
nourishment in a dilVerent way altogether. 
However, botanists are agreed that they are 
true plants because they possess several 
features, such as their means of reproduc- 
tion. which are plant-like. 

Living .Matter 

All living organisms arc composed of 
matter to which the name protoplasm has 
been given. It is really this protoplasm 
which possesses those powers of reaction 
which we hav e described as typical of living 
organisms. Protoplasm itself is a complex 
system of organic compounds, water and 
salts capable of almost infinite variation in 
detail but having very definite physical and 
chemical properties. Es.scnlially it is an 
emulsion, that is. a mixture of suspended 
particles of various compositions and sizes, 
in a more fluid medium. 

A simple emulsion can be made by 


shaking together oil and water. The more 
it Is shaken, the more fine globules of oil 
will be found and these will remain sus- 
pended for some time in the water. 
Eventually, however, they rise and the two 
components appear as two layers of oil and 
water. Such an emulsion is not permanent 
and is unstable. Protoplasm is a permanent 
emulsion, physically stable, because the 
chemicals of which it is composed arc col- 
loids which possess physical properties 
enabling them to form permanent emul- 
sions. 

Wc cannot go into the chemistry and 
physics of colloids here, and it is sufficient 
for us to know that colloidal emulsions 
form extremely intimate systems of chemi- 
cal substances and are capable of great 
variation and delicate adjustment: just the 
sort of material background for the evolu- 
tion of living organisms. 

Protoplasm may contain within itself, as 
it were, dead material as a result of its 

activities. Globules of fat 



may be formed and act 
as a store of food which 
can later be drawn on if 
necessary. In plants, starch 
grains are the commonest 
form of storage particle. 
Such instances can be 
multiplied many times. Pro- 
toplasm may also form dead 
material around itself. Parts 
of cartilage and bone are ex- 
amples in animals; cellulose 
and woody fibre in plants. 

While the production of 
such materials is very char- 
acteristic of protoplasm, 
these materials are not 
part of the protoplasm and 
must be considered as 
matter which is. at least 
temporarily, outside the 

THE ROOTED PLANT 

The iuahilily to move about 
is a distinyuishing charac- 
teristic of plants. The solid 
looking cactus is scarcely 
even stirred by the wind. 



FREE. VIGOROUS ANIMAL LIFE 

The horse was one of the first animals to be domesticated and wild horses {as above) that 
scour the plains of Arizona today are probably descendants of domesticated animals that 
have reverted to a wild stale. Long before the dawn of man. however, ancestors oj the 
horse trod the earth, for its descent has been traced back from fossil evidence, through the 
ages, to a small four-toed animal that existed over forty million years ago. 
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sphere of living matter although their 
presence is essential to the working of the 
Ii\ ing organism as a whole. 

Even in the most lowly forms of life, 
some degree of organization is found in 
protoplasm. This may be only in the 
presence of a surface mtjmbrane deter- 
mining the shape of the organism, as in 
bacteria. In slightly higher forms we can 
distinguish a body (or bodies), called the 
nucleus (or nuclei). This is so important 
that something more must be said about it. 

Function of the Nucleus 

The nucleus itself is surrounded by a 
membrane and contains well defined par- 
ticles called chromosomes because they 
stain very readily in certain dyes (Greek, 
chroma - colour). These chromosomes are 
now known to be extremely important in 
the reproduction and development of the 
organism, controlling, even if only re- 
motely. the whole organism. The nucleus 
is. therefore, a sort of control centre for the 
surrounding protoplasm, which is known 
as the cytoplasm. 

The amount of cytoplasm which can be 
controlled by a single nucleus varies con- 
siderably, but it is possible that there is a 
limit set by some factor we do not yet 
know about. At any rate, above a very 
limited size of protoplasm one of two 
things takes place. Either the nucleus 
divides and becomes two, separating each 
to its own sphere of activity, or this happens 
first and is then followed by a division or 
separation of the cytoplasm as well. 

Cells and Organisms 

These units of nucleus and cytoplasm 
are called cells, and organisms not divided 
into them arc called non-cellular; the 
others, comprising the vast majority of 
forms, arc cellular. At one time, it was 
thought all organisms were cellular and the 
non-cellular ones were called single-celled. 
This theory implied that the multi- 
cellular organisms could be considered as 
collections of single cells rather than a 
single organism sub-divided into cells. 

Wc now know this latter view to be the 
more correct one and regard the organism 
as the unit of living things and not the cell. 


Nevertheless, for study purposes we often 
have to regard the cell as a unit, but always 
remember that it is part only of the real 
unit, the organism. 

When organisms are cellular in structure, 
further opportunities occur for complexity 
of organization. Groups of cells become 
specialized to perform certain functions 
only, such as digestion, contraction, con- 
duction of nervous impulses or supporting 
framework. They take on special characters 
and come to form a recognizable unit 
called a tissue. 

Thus wc get muscular tissues, nervous 
tissues, connective tissues and so on. In 
becoming specialized, most cells lose the 
power of performing other functions, so 
that the advantage of having just the right 
kind of cell for each job is oflfset by an 
inability to take over jobs should injury 
occur. 

The advantage usually far outweighs 
the disadvantage in practice because there 
is always a reserve of less specialized cells 
which give rise to replacing cells of prob- 
ably more than one kind of tissue. 

Association of Tissues 

Generally speaking, and except in special 
places, it is rare to find only one kind of 
tissue en masse. Even in comparatively pure 
tissues, like muscle or nerve, there are con- 
nective tissue cells which bind the others 
together. The association of several kinds 
of specialized cells (tissues) together forms 
an organ. 

Each component tissue is essential to the 
full and proper working of the organ. Thus 
the stomach of a mammal comprises a 
lining tissue (epithelium), several glandular 
tissues (to secrete the digestive juices), mus- 
cular tissue (to assist the movement of the 
food), blood (to nourish all the other 
tissues), nerves (to control all the various 
activities) and, finally, connective tissues 
binding all together into a compact organ. 

Again, the arm of a man comprises a 
covering tissue (epithelium), glandular tis- 
sues (producing sweat as part of the tem- 
perature-regulating mechanism), a great 
deal of muscular tissue arranged in bundles 
attached by tendons (fibrous tissue) to the 
bones (skeletal ‘tissue), all being supplied 



ORGANS AND REGIONS OF THE BOD'. 
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CELLS AND TISSUES 

Cells are tiiiniiie units composed of protoplasm and consist oj two parts, the nucleus, oi 
control centre, and the cytoplasm which surrounds it. Tissues are groups of similar cells 
which have become specialized or adapted to perform specific functions. 


with blood and nerves and held together 
with connective tissues. 

Sometimes, of course, it is difficult to 
decide whether we are dealing with an 
organ or a region of the organism. Usually, 
the name region is given to a larger mass of 
the organism, but the principle is the same: 
the association of tissues, or even organs, 
into a larger unit to serse a more compli- 
cated or comprehensive function. 

Finally, we have the organism itself as a 
summation of all its parts performing the 
function of living. It is generally agreed 
that this building up of specialized parts 
into a unified whole results in something 
more than a mere answer to an addition 
sum. 

An organ cannot function by itself, but 
only as a pan of the whole, each part 


deriving something from the other yet 
remaining itself intact. Thus the whole 
organism must be regarded as something 
greater than a sum of its parts. This is what 
we mean to emphasize when we say that a 
living organism itself and not the cell is the 
real unit, and that the reactions of parts 
of an organism can be properly interpreted 
only when considered in conjunction with 
the rest of the organism. We are. however, 
getting into the realm of metaphysics, 
which although important to the research 
workers does not require to be elaborated 
here. 

Before leaving the subject of organiza- 
tion of the body of living organisms, it is 
desirable to explain the reasons for some 
of the confusing names which are used by 
the specialist. At the outset, let it be said 
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that the names used by the amateur, or 
layman, are equally confusing. Let us take 
two examples one on each side, both from 
the same two animals, a crayfish or lobster, 
and man. 

The specialist will tell you that the food 
passes from the mouth down a short tube 
to the proventricuius. 

“What on earth is that?” says the layman. 

"Oh, it's a sort of stomach." says the 
specialist. 

"Well, why not call it stomach instead of 
that jaw-cracking name!” says the layman. 

"Because if I did,” replies the specialist, 
“it would give you the wrong idea alto- 
gether. 

“ The crayfish does quite a lot of chewing 
of its food in the proventricuius. even 
though it is the first and only large bag-like 
swelling in its gut. Besides, it is developed 
and has been evolved in quite a different 
way from the stomach of man or a 
mammal.” 

“All right,” says the layman sadly, “if it 
is different let us call it by something 
different. I suppose you don’t mind saying 
that the crayfish has a pair of eyes?" 

“No." says the specialist, “not abso- 
lutely; I should prefer to call them com- 
pound eyes to indicate that they are >^uite 
different from your own eyes, which have 
only one lens and a single large retina.” 

“Oh!” says the layman, "they are really 
just as different as the two stomachs then?" 

“Certainly they are,” replies the special- 
ist, “but we can add the word compound 
easily and, after all, they do serve the same 
function. Of course, there is another sort 
of eye thing which is quite different again, 
which we call an ocellus. It is so small that 
you laymen haven't seen it to give it a 
wrong name!" 

That, then, is the position, either to use 
a common and well-known name in a new 
and wrong sense or to use a new name, 
difficult perhaps to learn, for a new organ 
or structure. As the specialist must be 
precise, he usually chooses the latter, while 
the layman is at liberty to use the more 
common name, but he must remember the 
new sense in which it is used if he wishes to 
avoid falling into serious error. 

We have seen that the characteristic fea- 


tures of animals lie in their way of living. 
We must now elaborate these a little before 
going into details. The fundamental activity 
is the method of feeding. This has been 
stated in general terms as the taking in of 
complex organic matter, breaking it down 
into simpler components and then build- 
ing these up again into further and different 
complex compounds suitable to the animal. 
The series of activities thus comprised in 
feeding are; 

(1) ingestion, or the taking of food into 
the body; 

(2) digestion, or the breaking down of 
food to a soluble form; 

(3) absorption, or the passage of the now 
soluble food materials into the sub- 
stance of the animal body; 

(4) assimilation, or the use of the food 
materials either as immediately re- 
quired energy or for building up new 
living substances in the body; 

(5) egestion or defecation is the elimina- 
tion from the body of those parts of 
the food which are not digested and. 
consequently, can never be absorbed 
or assimilated. Therefore this is an 
activity resulting from 1, 2 and 3 
above and not from 4. 

We must now face squarely the fact that 
the structure of an animal has been evolved 
to perform the function of living and that 
the individual parts, in so far as they can be 
separately studied, have similarly been 
evolved to perform the separate activities 
which make up the act of living. Funda- 
mental functions are, therefore, performed 
by fundamental structures or organs. 

Alimentary Canal System 

The presence of organs, collectively form- 
ing a system, to perform the series of 
activities detailed above, is fundamental in 
animals. This system is called the alimen- 
tary canal and consists, basically, of a 
cavity in which the food can be contained 
while the processes of digestion and absorp- 
tion are carried on. These activities must 
take some time and, therefore, the food 
must be retained to allow them to be fully 
performed. 

It naturally follows that in the evolution 
of this cavity there will have to be evolved 
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STOMACH AND PROVENTRICULUS 

A hvdra possesses a very nuiimemary form of stomach. The coilhworm s (hgestive 
system is more complicate, I hut it has no stomaeh; a long intestine extcmls nearly the 
whole length of the body. Man chews his food in his mouth and digests it m his .stomach, 
but the crayfish combines both these operations in the proventrkulus. 


along with it an entrance or mouth. 
Animals must have a special place through 
which the food can find its way into the 
body. As we survey the animal kingdom, 
we notice that in the course of evolution 
the alimentary canal has become special- 
ized. Another opening, called the anus, has 
been formed to allow egestion to take place 
elsewhere than through the mouth. This 
permits the development of structural 
specialization of the cavity and its walls 
along a line from mouth to anus, so that 
feeding can be a continual process and the 
animal does not have to wait for complete 
digestion, absorption and egestion before 
taking in another meal. A study of these 
specializations will be made in subsequent 
chapters. 

There are two other activities which may 
be described as supply activities: the ob- 
taining of water and of oxygen. To get a 
clear idea of these in their original form we 
must forget about animals living on land, 
that is, in air, and consider the more primi- 
tive ones living in water (aquatic animals). 


These arc surrounded in both requirements 
since natural water contains much dissolved 
oxygen. 

Primitively, therefore, we do not find 
special parts of the animal body capable 
of obtaining water or oxygen; both can be 
absorbed almost anywhere on their surface. 
From this point we find that many aquatic 
animals have increased their efficiency for 
obtaining oxygen by having special organs 
over which a current of water is passed, so 
that more oxygen is available than would 
be the case if the animal was dependent 
solely on the water which came into con- 
tact with its skin. 

When we turn to animals living on land 
we find a rather different picture. In the 
first place, water must be taken in specially. 
Of course, a good deal comes in with the 
food and some animals have adjusted 
themselves so that this is all they want. 
Others have to drink, using the existing 
alimentary canal as the special organ. 

To obtain oxygen from air is no more 
difficult than to obtain it from water, but 



RLINDLliR SLAKES ITS THIRST 

li'afer /v o/u- tj ilw iwccssities of life and no organism can exisf for long wirhoiii ii. It is 
conliniuilly being lost ihroiigh evaporation or excretion and must be replaced. The reindeer 
i\ a large .'■pedes of deer found in northern regions. Reindeer are characterized by their 
iiHignificent antlers and by the fact that these are borne by both sexes, although those of the 
male are lar\/ and more complex. The horns are sited at the beginning of winter. 
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RABBIT AND ITS STOMACH 

The stomach is organized to play an important part in an animal's alimentary canal 
system. In a mammal, such as the rabbit, the stomach is composed of various kinds of 
tissue, blood and nerves bound together with connective tissue to form an organ. 


there arises a secondary problem which has 
determined the form the breathing organs 
shall take. Oxygen can only be absorbed 
in solution into the body substance, so that 
at some point or other the air must come 
into contact with a moist surface of the 
animal. Now this moist surface is wetter 
than the air and there will, therefore, be a 
loss of water from the animal into the air. 
This can, of course, be easily seen in cold 
weather when our breath, warm and mois- 
ture-laden. condenses in the drier and 
colder air outside to form a mist. 

Now, we have seen already that land 
animals have to take measures to get 
enough water, and it follows that it is 
undesirable to lose more than necessary or 
the animal will dry up. So it is not surpris- 
ing to find that land animals have special 
organs, small but of high efficiency in the 
absorption of oxygen, tucked away inside 


themselves to prevent too much evapora- 
tion of water. 

Animals apparently living on land but 
without these special organs, like earth- 
worms, appear to be exceptions, but this 
is not so. They are living in soil, which is 
almost as wet as water, and they obtain 
their water and oxygen just as though they 
were in water. Many species of earthworms 
do, in fact, live in ponds and rivers. 

How Living Things Crow 

The next activity to consider is that of 
growth. Growth is very difficult to visualize 
and it is not at all easy to define what arc 
the fundamental structural requirements of 
a growing animal. It is probable that we 
know more about the chemical require- 
ments than the purely biologicttl ones. A 
few points, however, do stand out. First, 
that the growing animal must be able to 
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MNAI STAGE IN 
DEVELOPMENT Of A 
DRAGON. FLY 

U 'hen an anitna! goes 
fhfvngh fwo or more sfages 
in developing from the 
young to the adult form it 
is said to undergo a meta- 
morphosis. The dragon- 
fly is an example oj com- 
plete metamorphosis. Its 
life history is told pic- 
tor iaily on page 2. The 
above series of photo- 
graphs, taken at intervals 
of ten minutes, shows its 
rapid expansion after shed- 
ding the nymph skin. As 
(he newly-emerged dragon- 
fly hangs on to a (wig, 
the wings are blown up by 
fluid pumped from the 
body, while (he outer skele- 
ton dries and hardens. Soon 
it is ready to sail away on 
its brief span of life. 






HOW ANIMALS CROW AND MULTIPLY 


funciion as a living organism in iis 
environment. 

It cannot be incomplete to the extent 
that it is unable to function properly. 
There is, therefore, a general tendency for 
growth to take place, not at the ends of an 
animal or at the surfaces or ends of parts, 
but a little way back from the ends or 
surfaces. This is not quite so marked in soft 
tissues, where the addition of cells by 
division can be fairly easily taken up. as it 
were, but is very noticeable in harder parts. 

Growth is Continuous 

The next point is that growth is essen- 
tially a continuous process. It is brought to 
an end, not by reason of anything in its own 
nature but because other factors impinge 
upon it. Thus, in vertebrates, we find that 
those living in water, whose bones serve 
only the purpose of providing anchorage 
for the muscles and tendons and do not 
take any weight of the animal, growth is 
continued tong past maturity, in fact, 
almost until death. 

Thus we find occasionally enormous 
specimens of fish which have for one 
reason or another been able to live for a 
very long time. In the land vertebrates, 
however, where the bones have to take all 
the weight of the body, they must be 
finished off, as it were, and made firm at a 
fairly early age when growth, to all intents 
and purposes, ceases; this is often about 
the time of sexual maturity or a little later. 
Such animals have a maximum size which 
is fairly constant for the species. In birds, 
where rigidity of the skeleton is essential as 
soon as they begin to fly, growth is ex- 
tremely rapid at first so that they are prac- 
tically full grown when they leave the nest 
(in common nesting birds only ten days 
after hatching!). 

Rate of Growth 

Not only does the rate of growth vary, 
but also it varies in different parts of the 
body of the animal. Thus, at different times 
during the course of development and 
growth of an animal, the parts of the body 
bear very different proportions one to 
another. A very well-known instance is the 
legginess of calves and colts. The legs of 


these animals arc very long indeed com- 
pared to the head and trunk when the 
young are born. It is generally considered 
to be an adaptation favourable to the 
species, because these animals depend 
on speed to escape from their enemies. 

Other examples are not so obviously 
adaptive. In man, the proportion of head 
to hands varies considerably during life. 
At birth, the head is very large and the 
hands small; when adult, the hands are 
much larger in proportion. The growth 
need not be continuous; for instanw. in 
deer little increase in total size and weight 
takes place after a few years, but the size 
of the annually produced antlers continues 
to increase enormously until they become 
almost a burden to the old stag or buck. 

Almost as a corollary of growth is the 
process of reproduction. We have seen that 
growth is brought to an end largely because 
other processes come to take more out of 
the animal than the animal is able to 
obtain. This necessarily results in death 
and reproduction is a process whereby 
animal life is, as it were, given a fresh start 
at a level where growth, once again, is the 
dominant process. 

Producing New Life 

Reproduction is simply the production 
of new, young forms with similar poten- 
tialities to those possessed by the parent 
when it, too. was young. In the majority of 
animals, this is accompanied by the sexual 
process which appears to add to the rejuv- 
enating action of reproduction and also 
allows necessary admixture of characters 
found in different individuals of one 
species. 

Turning now to other daily activities of 
animals we sec that animals to obtain food 
must either move in search of it or, by the 
production of water currents or similar 
devices, cause the food to be brought 
towards themselves. In this respect, ani- 
mals differ fundamentally from plants. We 
find that animals have developed a type of 
cell for which there is no parallel to be 
found in plants; the muscle cell. 

The muscle cell (or in mass, muscular 
tissue) is the most successful method of 
producing movement evolved in animals. 




HLAMINGO PARENTS AND THEIR EGGS 

AH animals (hat reproduce sexually arc derived from the egg, or ovum, oj the female, hut 
in liuimmcilsi *\ith a fc'^v exceptions) the eggs arc retained and nottrished in the motlun s body. 
Hiuh lav eggs confainim: /oodafuh^ Inch are provided with shells in which the embryos develop. 

[■lamingoc\ lay one or two chalky-whife eggs on conical nests. 





SULKWH l) FLOSS TAKFS NO CHWdS 

Plains have various ways of eiisuriiii' survival of ilieir ojfsprin^’. The seeih of the milk weed 
Jloss arc eiulosed in pods, which hurst when ripe and the seeds are scattered in all directions. 

Some fall on fertile land where they terminate and yrow. 


It is not. however, the only meihoJ. 
Several others have beer\ evolved and at 
least one of these, particularly suitable for 
inducing movement in particles outside the 
animal body, is quite widespread through- 
out the animal kingdom. More will be said 
about this subject in Chapter VI. 

Since the animal moves in its environ- 
ment, it is obviously an advantage if it is 
able to perceive something of that environ- 
ment. By doing so, it can utilize its power 
of movement to select, at any rate to some 
extent, an environment which is most suit- 
able to it. 

We thus find in most animals another 
system, absent in plants, the nervous 
system, usually consisting of specialized 
sense organs, sensory nerves, a central co- 
ordinating nervous tissue and other nerves 
(motor) which control the reactions of the 
animal to the stimuli received. 

The nervous system is capable of deve- 


loping great complcMiy even in small 
animals like insects, and we arc only on 
the fringe of knowledge of how it really 
works. 

As a result of all these activities, feeding, 
digestion, breathing, growing, reproducing, 
moving and feeling, the animal produces 
waste products it no longer requires, (he 
retention of which within the living proto- 
plasm may be definitely injurious. The d^- 
posal of these waste products is known as 
excretion and may take place by many 
various methods. The two most com- 
monly found are the discharge of carbon 
dioxide as a gas or in solution and of 
nitrogen as ammonia or urea dissolved in 
water. Less frequently, we find waste pro- 
ducts deposited as solids, insoluble in 
water, within the animal's body where 
they can do no harm. 

It will be clear from the foregoing very 
brief survey that these activities are not 
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only complex in themselves but must be 
co-ordinated in a precise manner if they are 
successfully to form the whole phenome- 
non of a living animal. No single one can 
be carried on without due regard to the 
others. We have thus come to the same 
conclusion about vital activities as we did 
about the physical parts, or organs, of 
living creatures. Therefore, let us remember 
again that the living organism, whether 
animal or plant, is the unit and not any one 
pan of it. 

Structure of a Plant 

Most flowering plants possess two distinct 
parts which obviously live under entirely 
different conditions; one being the shoot, 
as it is termed, consisting of stem, branches, 
leaves and (lowers, all growing above 
ground, surrounded by air on every side, 
and during the hours of daylight exposed 
to sunshine: while the other part of the 
plant, the root, is embedded in the soil and 
lives in complete darkness. Two further 
points of distinction are that the parts of 
the shoot — stem and leaves — are green; 
while the root and its branches are pale, 
dirty white. Moreover, while the branches 
of the root are all similar in appearance, 
the stem bears different kinds of branches, 
some with thin flat outgrowths known as 
foliage stems and leaves, others terminating 
in flowers. 

On close examination of the root, it will 
be seen that there is often a main portion 
which is a direct downward continuation of 
the shoot or stem. It forms the main axis 
of the root and bears side branches, or 
lateral roots as they are termed, which 
grow outwards and slightly downwards; 
while in a fully mature plant, these lateral 
roots in turn will be found to bear finer 
branchlets which spread abroad in all 
directions. With the help of a good pocket 
lens it is possible to see that numerous 
minute, colourless hairs grow out just 
behind the tips of both the main and 
lateral roots and rootlets: and these hairs 
play a most important part in the life of 
the plant, for through them water and 
mineral salts in solution are absorbed from 
the soil. 

The root tips arc always growing, length- 


ening. and pushing their way through the 
soil, and each tip is protected by a hood- 
like covering of cellular tissue, called the 
root cap. If the surface of the main root be 
gently scraped, it will be found that while 
the outer part consists of a soft substance 
or tissue easily removed, eventually a 
harder central core is reached which runs 
the entire length of the root and connects 
with the stem; while if we cut vertically 
down this central core and examine it with 
our pocket magnifying lens, we shall be 
able to make out that it is composed of 
bundles of thread-like strands, water- 
conducting vessels. 

Turning now to the aerial part of the 
plant, the shoot, we can at once distin- 
guish a vertical main axis, as in the root, 
bearing lateral branches which grow out- 
wards and upwards, varying in number and 
position according to the type of plant that 
we are examining. In some plants it is easy 
to sec that these lateral branches grow out 
from the main stem at regular intervals and 
in a gradually ascending spiral, while in 
others it is less obvious: or the lateral 
branches may be replaced by leaves which 
again will often be found to be more or less 
conspicuously spiral in their arrangement 
on the stem, so that they do not entirely 
overshadow one another. 

Rosette Leaf Arrangement 

We see a further modification in such 
familiar wayside weeds as the dandelion 
and the plantain, where numerous leaves 
arise close together at the base of the stem 
so as to form a rosette on the surface of the 
ground, from the centre of which one or 
more slender vertical stems arise, bearing 
the flowers or inflorescence. 

On attempting to scrape away the sur- 
face of the stem in the same manner as we 
did with the root, almost at once we shall 
scrape down to a circle of narrow, stringy 
strands of harder tissue which run the 
entire length of the stem and branches, and 
are the continuation of similar strands 
already observed in the central core of the 
root. On cutting across the shoot with a 
sharp penknife, we shall see that these 
strands are arranged, and appear to the 
naked eye, as a variable number of pale 
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FOOD MANUFACTURE IN GREEN PLANTS 

Every pan oj the plant is in some necessary to the other parts but each part has its own 
special uses. The leaf is important because it is in the leaf that the process of food manu- 
facture largely takes place. Starch is formed in the leaves through the action of daylight 
and chlorophyll upon water from the soil and carbon dioxide from the air. Water is drawn 
up ilirongh the pipe lines of the root and stem and carbon dioxide enters the leaf through 
the stomata in the epidermis. Some of the illustrations are greatly magnified. 


IMPORTANCE OF THE ROOT 


greenish dots around the edge of the cross- 
section while the actual central portion ol 
the stem is composed of soft tissue; m fact, 
just the opposite to the arrangement of the 
tissues in the root. 

Now, these strands of tissue which run 
from the main root and rootlets up and 
throughout the stem and branches, and 
into the leaves where they form the so- 
called veins, constitute what is known as 
the vascular system of the plant. They arc 
composed of specialized cells or vessels, 
more or less tubular in shape, and may be 
said to resemble an elaborate and very per- 
fect system of pipe-lines through which the 
water absorbed by the root hairs is carried 
to every part of the plant; the pipes up 
which the sap ascends, and through which 
food materials— starch, sugars and other 
carbohydrates— are conveyed and made 
available for immediate use or storage. 

Having gained an outline of the general 
structure of the plant, we must now con- 
sider the functions performed by its 
different parts in the process of life and 
growth. Quite obviously, one of the im- 


branches better able to cope with bending 
strains in all directions caused by tlic 
action of the wind. Moreover, the leaves, 
which naturally offer a relatively large sur- 
face of resistance to the wind, have their 
delicate tissues strengthened and supported 
by the complicated network of veins or 
strands of vascular tissue, which are a 
continuation of those running throughout 
the root and stem. 

Absorption of .Moisture 

The second and equally vital function of 
the root is the absorption of water and, in 
very weak solutions, of certain mineral sub- 
stances present in the soil, A large propor- 
tion of the moisture drawn up through the 
pipe-lines of the vascular tissues escapes in 
the form of water vapour from the surface 
of the leaves, while the remainder is used 
in the building up of fresh tissues in the 
processes connected with growth and 
assimilation. As wc shall learn in a later 
chapter, the surfaces of the leaves are per- 
forated by vast numbers of very minute 
pores which arc usually more numerous on 


portant parts which the root 
has to perform is that of 
anchoring the plant secure- 
ly in the soil, and for that 
purpose, being liable to 
stress and strain, the root 
must not readily snap or 
fracture. This danger, as we 
have already seen, is guard- 
ed against by the presence of 
the central core of vascular 
strands which are relatively 
lough and resilient. In the 
stem, on the other hand, 
the vascular bundles occur 
nearer the exterior, round 
the outer edge as it 
were; an arrangement ren- 
dering the aerial stem and 


JACK-IN-THE-PULPIT 
Three stages of groivih. A 
striped flowering spathe rises 
between two long - stalked 
tripartite leaves. 





from which all daylight is 
excluded, soon assume a 
pale, starved and sickly 
appearance, showing that 

^ . i daylight is absolutely essen- 

tial both for the formation 
of chlorophyll and the 
production and utilization 
of food-substances. 

importance to the 
life and growth of the 
plant, is only formed in the 
; Ji leaves through the action 
of daylight and chlorophyll 
upon the carbon dioxide 
drawn from the air and 
some of the water drawn 
up into their tissues from 
the soil; the air chiefly 
obtaining access to the leaf 
tissues through the leaf- 
pores or stomata. In the 
ike caps and process, oxygen, which is a 
Fungi are by-product of this chemical 
aving plant action, is returned to the 

surrounding atmosphere. 
This building up of starch 
and similar substances from carbon 
dioxide and water, is known as carbon 
assimilation, and on account of the part 
which the action of daylight plays in the 
process, is frequently termed photosyn- 
thesis. Actually, carbon assimilation is the 
first step in the nutrition of the plant, lead- 
ing on to the formation of more compli- 
cated substances, carbohydrates and the 
like, in the ultimate production of which 
the mineral salts absorbed in solution 
by the roots from the soil, also play an 
important part. 

Life Essentials 

The substances necessary for the sus- 
tenance and growth of the green plant, and 
for the maintenance of its healthy life, are 
thus obtained from the air and the soil. 
The roots in the first place anchor the 
plant in the ground and absorb water con- 
taining mineral salts in solution; while the 
leaves, through the action of daylight and 
their green colouring substance chloro- 
phyll, separate the carbon dioxide from the 




HOW PLANTS COMPARE WITH ANIMALS 


atmosphere, and with some of the water 
utilize it in the production of food and 
other substances necessary for the con- 
tinued growth and nourishment of the 
plant. 

One vital process in the life of the plant 
which so far we have not considered is 
respiration, which is just as essential to the 
existence of the plant as for all forms of 
animal life. In respiration, the exchange of 
gases is just the reverse of what takes place 
during assimilation, the oxygen being re- 
tained while the carbon dioxide is returned 
to the surrounding, atmosphere. Through- 
out its entire life, day and night, the plant 
is taking in oxygen and giving off carbon 
dioxide; but during the hours of darkness 
the amount of carbon dioxide given off' is 
greater than in the daytime, because of 
the absence of photosynthesis. 

From the above general outline we are 
able to realize that the vital processes of 
life in the plant bear a marked similarity 
to those of the animal — breathing, the 
gathering of material and its assimilation 
in the processes of body-building and 
nourishment— though the manner of ob- 
taining, and the kind of primary material 
necessary for the latter function is pro- 
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foundly different. Broadly speaking, the 
marked characteristics of flowering plants, 
distinguishing them from animals, are the 
external development of the plant-body 
which serves to absorb food: the cellulose 
walls of the cells, and the chlorophyll of the 
leaves which, under the influence of day- 
light. enables the plant to build up from 
inorganic compounds the organic sub- 
stances necessary for the maintenance of 
life. Animals, on the other hand, cannot do 
this, they are absolutely dependent for 
their nourishment upon organic materials, 
and consequently upon plant-life, for their 
very existence. 

The bacteria and the higher fungi, being 
devoid of chlorophyll, are unable to 
separate the carbon dioxide from the atmo- 
sphere. Consequently, they are largely 
dependent upon supplies of organic sub- 
stances for their existence. Those fungi 
which are parasitic in habit obtain their 
organic food supplies at the expense of 
their living hosts: while the saprophytic 
fungi live upon dead and decaying veget- 
able and animal matter. Many species, in 
fact, play a very important part in the 
breaking down of such substances and 
thereby assist in the enrichment of the soil. 


Test Yourself 

1. What characteristics distinguish living from non-living things? 

2. Name some of the activities in which living things engage in the pursuit 
of food. 

3. What is the most important difference between the two major divisions 
of the living world? 

4. What is protoplasm? 

5. What are the characteristics of a cell? 

6. How do animals dispose of waste matter? 

7. How do plants and animals grow and perpetuate life? 

8. Describe the most noticeable external and internal differences between 
stem and root, and why they are necessary. 

9. Why is chlorophyll so important to the plant? 

10. Where and how does a greea plant obtain carbon and oxygen? 

11. What important work is carried out by all green plants during the day- 
time, and what vital function is in continual operation day and night? 

12. In what way do bacteria and all other fungi differ from all green plants 
in regard to nutrition, and in obtaining food? 

Answers will be found ai the end of the book. 
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CHAPTER ir 


HOW ANIMALS ARE CLASSIFIED 


B efore we can really begin lo talk 
about individual animals we must 
decide what to call them. This is one of the 
earliest problems man had to face as he 
struggled out of prehistoric times. One 
story of an early attempt is described in a 
rather idealistic fashion in the Book of 
Genesis. Adam is supposed to have given 
all the animals of Creation their names. 
Whether it was Adam, or someone else, 
does not matter; somebody had to do it. 
and, as a matter of fact, people arc still 
doing It as more and more animals and 
plants are discovered. At the present time, 
there are more than a million species of 
animals known and described; about half 
of these are insects. 

Just look at the last sentence for a 
moment. Three words have been used- 
species. animals and insects— which need 
looking into. What is meant by a species? 
Are insects included in animals? Is, say, a 
spider an insect? If we can answer these 
questions we shall be much nearer undcr- 
^landing how classification is carried on. 

Let us ask the first question in a difierent 
way. Supposing we have a tiger, a leopard, 
a tabby cat and a manx cat. how many 
species arc represented? The answer is 
three; the two cats belong to one species, 
so that there are three distinct kinds of 
animal. The difierences between the tabby 
cat and the manx cat are not enough to 
make them into separate species. They 
have the same habits, they interbreed (if 
one is male and the other female) and their 
structure is the same, e.xcept that one has a 
long tail and the other a short one. 

We see, then, that whether or not two 
animals belong to two species is a question 
of degree. If the differences are big enough 
or numerous enough, we say there are two 
species. Is it then all a matter of opinion'’ 
No. not entirely. Many of the early 
naturalists made mistakes by grouping 
different species together because they did 
not know enough to recognize the differ- 


ences. Sometimes members of one species 
have been put into two different species 
because dilTerences, such as colour or 
shape, were so obvious that they appeared 
great in proportion to the likenesses. 

Dissimilar Males and i-emalcs 

Some of the South Sea biiitcrllies have 
males and females so unlike that the two 
sexes were put into different species or even 
into different larger groups, This was 
because the naturalist did not know; he 
had never seen the two butterilies breeding 
together. In Britain, the silver-washed 
friiillary has a dark-green form, in sharp 
contrast with the usual orange-brown, All 
these green butterilies are females and we 
know that they breed with the more usual 
brown ones and belong to the same species. 

A casual observer would, however, put 
them into a different species until he had a 
little more knowledge. In the same way, we 
cannot use the same differences to dis- 
tinguish between species in widely differing 
groups. Among birds wc tind different 
songs, different coloured feathers, different 
shaped beaks and logs. Tliose features are 
no use at all to separate species among 
fish, which have neither song, feathers, 
beaks nor legs. We shall, however, tind 
similar kinds of differences which can be 
used such as numbers of scales or shape of 
fins. 

So we can sec that the idea of a species is 
something to aim at and, in most cases, we 
can achieve it by getting to know as much 
about the animal as possible. A species 
represents a group ol individual animals 
differing only in small ways and forming a 

fairly recognizable unit of animal (or plant) 
life. 

Next, we come to the ve.xed question of 
what we mean by the word animal. Un- 
fortunately. you will find that there are 
several usages in common speech, because 
most people who use the word do not mind 
what they mean by it precisely. If we arc 
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going 10 tvilk about animals tor lUe rest ot 
this book, Nve shouki lx* more exact. There 
is no need to iincni a special vsord or use a 
Latin one at this stage, because we can 
continue to use the word animal if we 
know its exact meaning. The sense in which 
we will continue to use it has alrcad) been 
defined in Chapter 1 and will, therefore, in- 
clude insects, worms, jellyfish and every 
other living thing which lives in the way an 
animal should! 

To answer our third question is now 
fairly easy. Between the “grades of species * 
and “animal kingdom * we must obviously 
have a number of other grades so that we 
can conveniently refer to larger and larger 
groups. The names of these grades have 
been chosen and detined through the man> 
years during which naturalists have been 
working. 

Nearly all of them mean a group of some 
kind, and it is only delinition which makes 
some of the names refer to Urge groups and 
others to smaller ones. Thus vve find that a 
number of species are grouped into a genus 
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(Latin - a kind, kindred), several genera 
into d family, several families into an 
order, several orders into a class, classes 
into a phylum (Greek race) and phyla 
into the animal kingdom. 

It lias taken a long time to decide what 
degree of differences are suitable to each 
grade. The task is not made any easier 
hccause some large groups have an enor- 
mous number of known species while 
others have very few, Sometimes, for con- 
venience. and also to indicate real group- 
ings of species, extra groups have to be 
inserted as sub-genera, sub-families, etc. 

In the genus Bombus (bumble-bees), 
there are over 2,000 species in the world! 
So there are several sub-genera to break 
up this huge mass of species. In other 
groups there are very few species indeed, 
although the characters of the group are so 
important that they cannot be given a 
lower grading. In the class Mammalia. 
there arc only about a dozen species of egg- 


laying mammal as against the thousands of 
mammals which produce their young alive. 
All suckle their young (hence the name, 
mammal =: Latin mamma, a teat) but to lay 
eggs like a reptile or bird is so extraordinary 
that it must be recognized by a high grading 
even though there arc so few species. 

Why Latin Names? 

There is another question which nearly 
everyone asks; why are all the names in 
Latin? Why won't common names do? The 
answers are quite simple; first, there aren’t 
enough to go round! Take spiders for ex- 
ample; there are probably three genuine 
common names in English — garden spider, 
water spider and wolf spider, yet there arc 
about 550 British species alone. What about 
the money spider? Well, that is another 
answer; it is not a spider at all, but a mite! 

So often a common name is incorrect in 
this way. Water-fleas, for example, are cer- 
tainly not fleas! Again, the same name or 


- YOUNG MILK SNAKES HATCHING 

Siram’c as it may seem, some snakes give birth to their young while others lay eggs. After 
laying her eggs, the mother milk snake abandons them and leaves them to be hatched out 
by the sun. However, the young snakes are well able to fend for themselves. 
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corrcspondini; tr.insialioii has a dilkrcnt 
moaninn m different countries. Wc al know 
vNhai ue mean by a lion, but in the United 
Slates ilie name lion is given to the cougar 
mountain cat about the si/e of a leopard 

but uniformlv saiulv coloured 

In England, we have the terms buttciMv 
and moth; eenerallv to reler to day and 
night living forms, although most people 
know iliat a few moths regularlv tly in the 
daviime. If you look up the French trans- 
lations vou find the name' papUhn and mn 
lespectivelv The French, however, use 
these terms to refer to large and small form' 
whether they tly by day or night And so the 
evamples could go on almost iiulefinitely 
VS’hcn the translators of the Bible came 
on the name of a small animal which bur- 
rowed in the ground, they used the I nglish 
word of that day for rabbit -coney. Nowa- 
days, coney does not refer to rabbit at all 
(unless you are buying turs!) but to the 
little African animal whose Latin name is 
Hyrax. No, there was only one thing to do, 
and that was to use names made from Latin 
or Greek which, being dead languages, 
could not have common or modern mean- 


ings altered or misapplied. It is nothing to 
worry about because it is the specialists 
who have to use these names most ofal! and 
the rest of us need only use them to be pre- 
cise when wc need to be. 

Below arc catalogued the names of the 
large phyla, with their principal classes and 
orders. In the right-hand column arc 
placed the common names, or near- 
common names if real common names are 
missing, to give an idea of the sort of 
animals contained in these groups. 


Earliest Classitications 

The earliest serious attempt to classify 
animals was made by Aristotle, about 
350 B.c. His main groups were very much 
like those of today in broad outline, so 
that, even though there is room for opinion, 
you will see that, fundamentally, people who 
study animals and plants come to similar 
conclusions, because there are real differ- 
ences underlying the artificial divisions into 
groups. 

Then came the Dark Ages, and it was not 
until after the revival of learning in the 

Bt 
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fifteenth and sixteenth centuries (nearly 
2,(X)0 years after .Aristotle!) that the task 
was taken up again. This vva.‘ a great period 
of exploration and discovery. New animals 
were brought back from new lands and 
people became interested in (heir anatomy. 
It was not until the eighteenth century that 
serious attempts were made to construct a 
“Scale of Nature." The naturalists of those 
days (Buffon, Cuvier and Lamarck, all 
Frenchmen), tried to do two things at once. 
They tried to show that organic life was 
continuous in its grading from the simplest 
to the most complex stage of development 
and at the same time to divide it into cate- 
gories; classes, orders, etc. Cuvier inclined 
to four great independent divisions of the 
animal kingdom. Buffon and Lamarck 
thought life more continuous, but all con- 
structed systems of classification. 

In the middle of the century came 
Linnaeus (a Swede). He it was who intro- 
duced order out of chaos, particularly by 
using only two names to identify an animal, 
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HOW ANIMALS ARE CLASSIFIED 


the generic name and the specific. Thus the 
house-mouse was called Mux muxctilus. lots 
of other mouse-like animals also having 
the generic name Mus. but only the house- 
mouse the specilic name miisciiliis. Out of 


eighty-eight species of mammal known in 
Britain to-day, no less than twenty-seven 
have specific names given them by Lin- 
naeus. This gives some idea of the extent 
of the work of this great man. 


I. PROTOZOA (Animalcules) 


CLASS A. Rhizopoda 


CLASS B. Mastigophora 

CLASS C. Ciliophora 

CLASS D. Sporozoa 


.Amoeba, radioiarians, foraminifera. 

Whip animalcules, trypanosomes (sleeping sickness 
parasite), etc. 

Slipper animalcules, bell animalcules, etc. 

Malarial parasite, etc. 


Amoebo. 




Siip/H'r Aflimuliutc 


VARIOUS FORMS 

Thoe are thousands of different kinds of sponges, all of them living in water, fixed an 
stones, weeds, etc., in the sea, river or pond which they inhabit. Some of the deep sea 
sponges beautiful glassy baskets of delicate design, very different from the familiar 



< v.i 



LEMOl^.&jtQl 
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•JS t A ffS 
SPONG-h 


CLASS A. Calcarca 

CLASS B. HcxacJincIlida 

CLASS C. DemosponKia 


UNDER-WATER LIFE 
PHYLUM II. PORIFERA (Sponges) 
Calcareous or limy sponges. 
Glas-sy or flinty sponges. 


Bath sponges, etc. 


Limy 5p<*/»v<' 


Ofaisv or FUnty Spongr 


Bath ^pon^'f. 


CLASS A. Hydrorna 
CLASS B. Scyphozoa 


PHYLUM III. COELENTERATA 

Sea-firs, fresh-water hydra. Portuguese man-o'-war. 

Jelly-fish. 


OF SPONGES 

haili sponge » hicli is actnally the horny skeleton oj a once-living creature. The .sponges 
iUiisirateii are not inaclua! proportion to one another. The ascon .sponge is a tiny organism 
hni l'enn.ss tUnver basket, one of the best known glassy sponges, may he several inches long. 








Anihozoa 
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Ctcnopbora 


Sea-anemones, sea-fans, corals. 
Comb-bearers, sea-gooseberries. 



CLASS A. 
CLASS B. 
CLASS C. 


PHYLl'M T\’. PLATYHELMINTHES (Rae-worms) 
Turbellaria Planarians 

Trematoda Liver flukes. 

Cestoda Tapeworms. 


Llrer Fluke. 


Tap^n'orm. 



CLASS A. 
CLASS B. 

CLASS C. 


PHYLUM V. ANNELIDA (Ringed Worms) 

Oligochacta Earthworms. 

Polychaefa Sca-worms, paddle-worms, rag-worm, sea-mouse, bristle- 

worms, lug-worm. 


Hlrudinea 


Leeches. 



Ear/hworm. 



PHYLUM M. MOLLUSCA (Shell-fish) 


CLASS A. Pclecypoda 

CLASS B. Gasteropoda 

CLASS C. Cephalopoda 


Mussels, oysters, clams, scallops, cockles, ship-worms. 

Limpets, whelks, periwinkles, ear-shells, cowries, snails, 
slugs, sea-slugs. 

Squids, cuttle-fish, octopods, paper nautilus. 



Scaifop. 


Cowrie. 


l^auiflus. 



PRAYING MANTIDS FIGHTING 

Mwilkh arc canihwoi,^ hisccn am! extremely varadoin ami pai’mcioiis Tliev fence with 
their x»vr<l.like foreUmbs am! frequcmly dll itevour one another The pntymy mann^ 
stwiih on its tm> pairs of hhul letts. with the forcUmhs folded tn front as ifinpuivei. 


CLASS A. Crustacea 


CLASS B. Arachnida 


PHVLIMVU. ARTHROPOD \ 

Fairy shrimps* brine shrimps, watcr-fleas, c> clops, hsn- 
licc/bamnclcs, sand hoppers, frcsh-vsalcr shrimp, wood- 
licc, kril, prawns, shrimps, lobsters, craslish, crabs, 
hermit crabs. 

Kir>g<rabs. scorpions. harNCsiers, spiders, miles, iitlsS. 


CLASS r. Pfototrachiata 


( Peripatus) 


CLASS D. Myriapoda 



CLASS E. Insecta (insects) 


ORDERS. I . 

2 . 

3. 

4. 

5. 

6. 

7. 

8 . 

9. 

10 . 


Thysanttra 
Colivnthola 
Orthopier a 

Plecoptera 

I soph r a 

Psocoptera 

Anoplura 

Ephemeroptera 

Odonata 

Thyfonoptera 


Centipedes, millipedes. 




Bristle-tails, silver-fish. 

Spring-tails. 

Earwigs, cockroaches (black beetles), grasshoppers, 
locusts, crickets, praying mantis, stick and leaf insects. 
Stonc-flie^s. 

White ants, termites. 

Book-1 icc. 

Sucking and biting lice. 

May-flics. 

Dragon-flies. 

Thrips. 



UNDERSIDE OF STARFISH 
SHOWING JUIE FEET 


CiROl P (){• fcCHINODFRMS 

Lihtnodct ms ate i'ssi'niially marine animals and all oj ihem are radial in arrangenictu^ 
possessing five aims or rays. The underside oJ a siarfisn is covered n/VA holhnv tubes 
ending in suckers, called tube feci, by means of which if crawls along. 





INSECTS AND ECHINODERMS 

Bugs, water boatmen, water scorpions, water crickets, leaf 
hoppers, aphids, green-fly. scale insects, cicadas. 
Lace-wings, ant-lions, alder flies, scorpion-flies. 

Caddis-flics and worms. 

Butterflies, moths (true caterpillars). 

Beetles cockchafers, maybugs, water beetles, devil’s coach- 
horse. ladybirds, stag-beetles, weevils, death-watch beetles, 
Colorado beetle, dung beetles, tiger beetles. 

Bees, wasps, arts, saw-flies, gall-flies, ichneumons, mason 
bees and wasps. 

Flies (iwo-wingedK goals, midges, bluebottles, house flics, 
crane-flies or daddy longicgs. hover flics, tsetse fly. 

Fleas. 



Coior»^(tu 


11. Hcmiptcra 

12. Neuroptcra 

13. Trichoptcra 

14. LepUloptcra 

15. Colcoptcra 

16. Hvfnvnopura 

17. Dipfcra 

J8. Siphonaptera 


PHYLUM Vin. FCHINODERMATA 


CLASS A. 

Astcroidea 

Starfish. 

CLASS B. 

Ophiuroidea 

Brittle stars. 

CLASS C. 

Echinoidea 

Sca-urehins, heart urchins, dollar urchins. 

CLASS D. 

Holothuroidca 

Sea«cucumbcrs. 

CLASS E. 

Crinoidea 

Sca^lilies. 


PHYLUM !X. PROTOCHORDATA 

CLASS A. 

Hemichorda 

(Balanglossus). 

CLASS B. 

Tunicata 

Sca-squirts and salps. 

CLASS C. 

Ccpbalochorda 

Lancelets. 



Sea^Squtrt. 


LanCfUt 
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PH\LLM X. CRANIATA (Vertebrates) 

Lampreys, hag-fish. 

Sharks, dogfish, nurschounds. skates, rays, sawfish 
ray, rabbit-fish or king-herring. ’ 


Cyclostomata 

Sclachii 


sting 



Lamprfy. 


Ray, 



CLASS C. Pisces (Bony fish). 
Sub-Class 1 . Gamidca 

2. Tckouci 

3. Dipnoi 


Sturgeons, gar-pike, bow-fin, bichirs. 

Salmon, trout, herrings, carp, mackerel, cod, flat-fish, 
sticklebacks minnows, eels and all common fresh-water 
and marine fish. 

Lung-fish, mud-fish. 


CLASS D. .Amphibia 


Newts, salamanders, frogs, toads, blind-eel, hell-bender, 
axolotl. 


EDIBLE FISH OF NORTHERN WATERS 

The cod is one of the commonest fish inhabiting northern waters and is found in great 
(/iiantiiies off the Dogger Bank and around Iceland and Newfoundland. Two distinguishing 
features are its large mouth and three dorsal fins. It sometimes attains a considerable size. 




SKUIL 


JOINTED VERTEBRAE 




ANIMALS WITH BACKBONES 

All animals included in Phylum X. however much (heir external appearances may d/Jle/^, 
ore alike in (hat ihey all have jointed verfehral ctdumns^ or hackhones. In all manunai'^ 
the internal structure is fundamentally the same. Birds and fishes have their bodies adapt ctl 

respectively to life in the air onti life in water. 


CLASS t. Rcpiilia Crocodiles, alligators, lirards, chameleons, geckoes, skinks, 

blind-worm, iguanas, monitors, snakes, tortoises, turtles. 
(Fossil dinosaurs, plcsios;iurs, ichthyosaurs, pietoda:tyls>, 



CLASS F. Aves (Bird;) 

SuthClass 1. Ratitae 

Sub^Class 2. Carinate 

Order I . Colymhi/ormcs 


Ostriches, emus, rhc,i$. 


Divers, grebes. 


Legion (a) 


2. Sphenisci/orntesS Penguins. 

3. Procellarii/ortnes Petrels, Mother Cares 's chicken, albatross. 




FIELOFARE 







s V 



KtfiHTlKGALE 


SlACKSiRQ 











RELATIVE OF MAN 

Pt inuiti's ib the name given to the highest order of mammals and includes all members of the 
niuffki'v JarnU^ well as man. It nas named by Linnaeus and signifies chiefs.'' The 
weeper capuchin monkey has a cowldike tuft of hair on its crown. 


fA 
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Legion (b) 


"Order 




4. 


CkoniUormcs 


Ganncts, cormorant, pelicans, 
biltcms, ibises, egrets, flamingoes. 


herons. 


Storks, 


5. Atneriformes 

6 . Foh'onifo^'fftcs 


Screamers, swans, gccsc. ducks. 

Condor secretary bird, vultures, eagles, lalcons, 
hawks, kestrel, buzzards, harriers, kites. 



Fen^uin. 



:>/ork. 



S»Mn. 




Legion (c)< 






7 Gallifontm Game birds, fowls, pheasants, partridges, grouse. 

blackcock, ptarmigan, guinea-lowl. quail, turkeys, 
curassow. brush lurkcys. 

8. Gnii/ormes Cranes, rails, corncrakes, coot, moorhens, trum- 

peters. 

9. CharaJriifornKs Bustards, plovers, sandpipers, woodcock, redshank, 

curlews, oyster-catchers, stilts, avocets. dunlin, 
godwits, snipe, pratincoles, sionc-curlcws, gulls, 
terns, skuas, guillemots, razorbills. pufTins. auks, 
sand grouse, pigeons, doves. 





Legion (d)< 




10. Opisthocomiformes Cuckoos, plantain-eaters, parrots, cockatoos, 

macaws, lories, budgerigars, parrakccts. 

11. Coracii/ormes Rollers, kingfishers, bee-eaters, hoopoes, hornbills. 

owls, swills, nightjars, humming-birds, toucans, 
woodpecken. 

12. Passeriformes Lyre birds, flycatchers, swallows, martins, shrikes. 

birds of paradise, bowser-birds, nuthatches, tits, 
tree<reepcrs, thrushes, blackbirds, robins, nightin- 
gales. warblers, whiteihroats, wrens, dippers, orioles, 
starlings, pastors, tanagers. finches, buntings, larks, 
pipits, w agtai Is, crows, rooks, ravens, chough, 
magpies, jays. 



Poffoi 
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C LASS G. 


Mammalia 


Sub*C lass (a) brother id 


Spiny ani-ealcr> duck-billed plalypuV. 


{b) StarsupiaHd 

(c) Pldccfitalid 
ORDLKS. 1. ExkiUdta 

2. Inscctivora 

3. Chiroplera 

4. Ro</efUia 

5. Hyracoukd 

6. ProhouUlea 

7. Sirenia 


Kangaroos, uallabies, koalas, opossums, bandicoots 
Tasmanian devils. ’ 

Armadillos, sloths, ant-eaters. 

Hedgehogs, shrews, moles. 

Bats, vampires. 

Rabbits, hares, rats, mice, voles, lemmings, hamsters, 
marmots, prairie dogs, gophers, jerbils, jerboas, squirrels, 
beavers, porcupines, guinea-pigs, agoutis, chinchillas. 

Coneys. 

Elephants. 

Sea-cows (manatee, dugong). 



Duck^biU^J 

Ptutypus. 


M 




Sloth. 



Slolt. 



Bat. 


yotc. 





8. UnauhtQ 

9. Carnivora 


10. Cetacea 

1 1 . Primates 


Tapirs, rhinoceroses, horses, zebras, asses, pigs, chevrotains 
camels, okapi, giraffes, deer, cattle, bison, buffaloes 
antelopes, gnus, duikers, gazelles, sheep, goats. 

Cats, lions, tigers, leopards, jaguars, cheetahs, ounces, 
dogs, foxes, wolves, hyenas, badgers, stoats, weasels, 
martens, skunks, raccoons, civets, bears, pandas, seals, 
sea-lions, sea -elephants, walruses. 

Whales, dolphins, porpoises, grampus, killers. 

Lemurs, monkeys, apes, baboons, marmosets, men. 



Lion. 


Porpoh^. 


Monkey^ 




ONE OF THE CARNIVORA 

Mexican tigriUo^ or wild cat^ stalking its pre}\ The cat family includes some of the iargcr 
beasts of prey, like the lion and the tiger, as well as the domestic and other cats. It nu/y 
be divided into two main groups y one covering animals which roar and the other animals 
which purr. These groups are subdivided again into numerous species. Carnivorous 

animals are those which kill and devour living prey. 


Test Yourself 

1 . Why is it necessary to classify animals scientifically and who invented the 
system of naming animals used today? 

2. How many main Phyla are there? Can you name at least one animal from 
each of these? 

3. What is the simplest form of animal life? 

4. What characteristics of a sponge justify its inclusion in the animal 
world? What is its value to other animals and to man? 

5. Name four edible molluscs and describe the methods of feeding of one 
of them. 

6. Which of the eleven orders of mammals do you consider covers animals 
of most importance to man? 

Answers will be found ai the end of the book. 
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CHAPTER III 


HOW PLANTS ARE CLASSIFIED 


O bviously, we cannot all be trained 
botanists, but if we « ish to enjoy to the 
full sonic of the wild flowers and other 
forms of plant-life that attract us by their 
grace and beauty, we must be able to iden- 
tify them and know something about the 
different groups or divisions to which they 
belong, frue, most of the flowers of the 
British ccuntryside— what arc left of them 
—have old. simple, well-beloved English 
names; but we shall soon discover, as our 
interest deepens, that not all of these 
possess recognized English names. There- 
fore. some working knowledge of how the 
different kinds of plants are grouped or 
classified is a necessity. 

Four .Main Divisions 

The plant world is now usually divided 
up by botanists into four large main 
divisions; the members of each division 
differing very conspicuously from those of 
the others, beginning with the very simplest 
known forms and culminating in the 
highest. 

To the first division, called the Thallo- 
phyta, belong the algae, forms of fresh- 
water and marine plants, including the sea- 
weeds. which possess no differentiation 
into roots, stems or leaves; all the different 
kinds of fungi, the bacteria, moulds and 
mushrooms; and also those curious compo- 
site plants, the lichens, familiar as softly 
tinted encrustations growing on old walls 
and damp rocks. All these forms of plant- 
life are relatively simple in structure, 
showing no true division into root, stem 
and leaves, but are composed of simple 
cellular tissue throughout. 

For this reason, the plant-body is known 
as a thallus (from the Greek ifiallos=a. 
green shoot), no matter what its size or shape. 
While all the algae possess chlorophylland 
are able therefore to utilize the carbon 
dioxide of the air in just the same way as 
the higher flowering plants, the fungi, on 
the other hand, are destitute of chloro- 


phyll. and consequently are obliged to 
exist either upon living organisms, or upon 
decaying plant or animal matter. 

Though some fungi attain to a consi<.ler- 
able size, their structure is always relatively 
simple, their thallus consisting of long 
threads or hyphac, cither free or massed 
together in various ways. The lichens arc 
composite plants, and actually consist of an * 
alga and a fungus living together in an 
intimate association or partnership of 
mutual benefit, known as symbiosis. 

In the second great division, known as 
the Brvophyta, arc placed the mosses and 
liverworts. These plants generally, though 
not universally, possess a stem bearing 
leaves, but may have no true roots. 
To the third division, called the Ptcrido- 
phyta, belong the ferns, horsetails, and so- 
called club-mosses. All are plants showing 
a marked advance on those forms in- 
cluded in the two previous divisions, for 
they arc clearly differentiated into root, 
stem and leaves and (heir internal tissues 
include a great variety of structure. They 
do not, however, possess conspicuous 
flowers, nor do they produce seeds. 

Uotinition of Cryptogam 

Originally the term cryptogam was 
applied to all the plants included in these 
three great divisions, being used to dis- 
tinguish flowcrless plants, in which the 
process of fertilization was said to be 
hidden, from flowering plants in which it is 
easily observed. This distinction, however, 
really no longer holds good, for thanks to 
the perfection of the modern microscope, 
fertilization is as readily observable today 
in the cryptogams as it always has been in 
the flowering plants. Nevertheless, the old 
term is still retained; the Thaliophyia and 
the Bryophyta being classed by botanists 
as cellular cryptogams, and the Ptcrido- 
phyta as vascular cryptogams. 

The fourth and last great division is 
known as the Phanerogamia, and contains 


5 \ 




all the seed-bearing plants; plants distin- 
guished as generally possessing more or 
less conspicuous flowers which, if develop- 
ment continues unchecked, give rise to 
fruits in which seeds are formed. The 


IHRl f \ ARII I II S OF 
HASIDIOMVC I II S 

Abdvi: (lie i\M> pohpdrous Jiiiif’i <</ (liflciciil 
lonns (iiiil hclon /A ilic iiik-pol 

(C'oprinus). a type in u/iidi ilu- lop is l(>n^'. 
/union ami \<r//v 



occurrence of the seed is now considered 
as being the special characteristic of all 
plants included in this division, and there- 
fore the more modern term Spermato- 
phyta. derived from two Greek words 
meaning, literally, seed-plants, is often 
adopted in preference to the old term. 
Phancrogamia. originally established by 
the great Linna'us. was used by him to 
distinguish alone those plants in whose 
flowers the sexual organs could be easily 
distinguished, and the process of fertiliza- 
tion readily observed; the term itself, 
Phanerogamia, being derived from the 
Greek p/ionc/w — manifest; and 
union. 

The Phanerogams are divided into two 
distinct groups or sub-divisions (sub- 
phyla), called respectively (1) the gymno- 
sperms. or plants with naked seeds; plants 
characterized by the pollen or male cell 
being brought directly into contact with the 
ovule or female cell wliich. after fertiliza- 
tion. develops into the seed; and (2) the 
angiosperms, plants which have their 
ovules or seeds enclosed in an ovary or 
seed-case, and, consequently, in which 
fertilization has to take place through a 
special organ called the stigma. The angio- 
sperms are again divided into two classes 




PLANTS OF THE CARBONIFEROUS AGE 
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CROSS-SECTION OF i' {■' , / 

LICHEN 1- ; . {[■ ..{ : 

A plain composed of a ' 

green also and a moidd- ‘ -^'Ir • ' U S^V 

like fnnsns living to- V ' ' (» ^ i' - 

gether in symbiosis. The ^/t({ '^\l »*,. Vy*. ' ■ 

fungus forms a mass of j/-- j 

closelyivoven colour- i 

less threads winch siir- I \ . r/,' ■ . ,'9\ ■ - • V - 

roHm/ the green cells of ^ j , ;>/ ^ - J, - 

the alga and hold it to- y jf \ 

gether. The alga, which 'L^-' v// ■ X'v ' 

has chlorophyll, manii- ^'/.*'>N'' V- li ' 

factnres food which is f -j)"! / ,♦*- *1 “ 

5 /uH-i-</ y>y the fungus. [” ' ^ i* ' ' * ^ 

ii7h'/(’ the latter provides ^ ^ -’ P ^ ^ 

inoisliire for both. 

( 1 ) the dicotyledons: and (2) the mono- be ages older than the angiosperms and 
cotyledons, or plants having only one they retain many characteristics linking 
cotyledon cryptogamic 

The gymnosperms arc of special interest ancestors. In fact, they formed a very con- 
because they are known from the geo- spicuous part of the plant-life of the great 
logical evidence of their fossil remains to carboniferous period, and their tossil 

FERNS AND FUNKIA IN WOODLAND SETTING 
Aspidium filix-mas, or male fern (left), is usually found in damp, shady places. It has a 
short, thick stem called a rhizome and reproduces vcgeiatively or by spores. 
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icmains. beautifully preserved, are often 
found in coal seams. Today their chief 
icpresentati\cs are the yews and pine-trees, 
the ginkgo or maiden-hair tree of Japan, 
and in the tropics, the cycads. 

The principal classes and orders of plants 
belonging to liic four great divisions are 
for convenient reference set out in the 
following tabular form 


DIVISION I IHALLOPHVTA 

This division includes the algae, fungi, 
and lichens. The algae possess chlorophyll 
and are therefore capable of assimilating 
and providing independently for their 
nutrition. Fungi, on the other hand, being 
destitute of chlorophyll, lead a parasitic or 
a saprophytic mode of life. The lichens 
must be regarded actually as composite 
forms of plant-life. their thallus affording 
an instance of an intimate partnership, oi 
symbiosis, beisiccn an alga and a fungus. 

( lass 1 . Bacteria. - 
^ Unicellulai organisms o( 

m \eiy minute size, only 

5 ;" visible undei the micro- 

' ' ■- scope, Each individual 

. ■ ' consists of a single cell 

11(1(1 , possessing neither chloro- 
phyll nor nucleus; in form 
cither spherical, rod-shaped or spiral. Some 
at certain stages of development possess 
riclicate protoplasmic cilia rendering them 
capable of active movement. They abound 
everywhere, and while manyparasitic forms 
arc the cause ofdevastatingand fatal diseases 
in man, domestic and wild animals and in 
higher plants, many saprophytic species 
play an important and very useful part in 
agriculture and other industries. From 
their exceedingly simple structure, they are 
regarded as primitive organisms showing 
no certain relationship to any other type 
of plant-life, and therefore are placed in a 
special class apart from the rest of the true 
fungi. 

Class 11 . Cyanophyceae. — The blue- 
green algae. Small, very simple unicellular 
or filamentous plants of primitive organ- 
ization, mostly blue-green in colour, 
possessing chlorophyll but no true nucleus, 
As in bacteria, reproduction depends en- 


tirely upon the simple division of the in- 
dividual cell. They consist of single isolated 
cells or colonies of cells, or form into short 
filaments. Distributed over the whole 
earth, appearing as mucilaginous masses, 
or sheets of fine filaments, occurring in 
shallow water, or moist earth, and on the 
bark of trees, or symbiotically in the tissues 

of higher plants. Nosioc, a 
V 'cry common species con- 

sistingofgelatinouscolonies 

3 ! 1 containing numerous inter- 

woven necklace-like fila- 
ments, frequently makes a 

11.4. (No,-oc) suddenappearanceondamp. 

muddy paths, after rain. 

Class III. Flagellata. — Very small uni- 
cellular organisms, many of particular 
interest to the biologist as closely re- 
sembling in some ways the simplest uni- 
cellular forms, are often termed phytozoa, 
or plant animals. They are to be found 
wherever there is water, from puddles and 
shallow ponds to the open sea, often 
occurring in such vast numbers as to give 
to the water an olive or bright green colour. 
One of the commonest of these flagellates 


/ Ki’/c'rtri yfrii/is 


luuiiu in aimosi any 
of stagnant water throu] 
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out the summer; it is 
a minute, bright green, 
spindle-shaped organism, which has a 
single flagellum by means of which it moves 
through the water. Multiplication takes 
place by simple division of the individual 
cell, and in many species thick-walled 
resting spores are formed, capable of with- 
standing periods of drought, or which re- 
main dormant in the mud at the bottom of 
the pond throughout the winter. 

Class IV. DIatomaceae. — The diatoms 
are an immense group of minute uni- 
cellular plants which grow in fresh and salt 
water and upon moist soil. As a rule they 

occur together in large 
numbers.Theirolive-brown 
colour is due to a brown 
pigment, diatomin, which 
masks the chlorophyll 
which is also present. Each 
individual consists of a 
oitiiom singlecell, thewallof which 




FIELD OR COMMON HORSETAIL 


One o) an inieresling race oj plants which is fast dying out. The photoguiph slunw the 
branching shoots which follow the early jointed stems ending in a cone Jroni whi( h the plant 
gels its name. It has a much-branched underground stem or rhi:ome 


IS encrusted with silica. This cell-wall con- 
sists of two halves or salves (frusiules) 
which fit into one another like (he lid on a 
pill-box; and the valves, although so 
minute, arc beautifully sculptured, dotted, 
ribbed, etc.; very popular with micro- 
scopists on account of their exiraordinars 
variety of shape and pattern. Over two 
thousand living species are known, widely 
distributed over the globe, and their fossil 
remains form deposits of considerable 
thickness in various parts of the world. 

Gass \'. Chlorophyccac. — The green 
algae. Some show a considerable advance- 
in size and structure; occur for the most 
part floating or attached, in fresh water, 
moist situations and on the seashore be- 


some species non-motile egg-cells. As the 
result of conjugation, a thick-wallcd 
resting-cell, or /ygotc. is formed A \cr> 
beautiful colonial form common in ponds 
during the summer is fW/io.v glohatm . 
spherical in shape, bright green in eolour. 
and motile by means of numerous flagella 
The desmids rank among the most beauti- 
ful of the smaller species and exhibit a 
great variety of form, cylindrical, or like 
tiny, green, new moons, biscuit-shaped, oi 
growing in chains; they occur especially 
on peat-moors where the water has an acid 
reaction. Nfany of the Chlorophyceae occur 
as slender green filaments grow ing in ponds 
and siream'i {Spirogyra. Oedogniiinm, I To 
thrix). while the unicellular Pleurococcus 


tween tidemarks. Two modes of reproduc- vulgaris forms the familiar bright green 

tion; asexual by what are termed swarm- powdery layer covering damp tree trunks 

or zoospores, which are naked more or less and wooden palings. The so-called sea- 
pear-shaped cells with two to four flagella lettuce or green laver ( Viva laiissina) is very 
at the pointed end. In the sexual reproduc- common on rocks on the seashore near high- 
tion two cells (gametes) conjugate; the tide mark, and forms large, green, wavy 
male cells are usually smaller and always fronds firmly anchored to the rock. Many 

flagellated, while the female cells are in species of Enteromorpha are abundant 
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beiween tide-marks on the seashore, and 
some grow in fresh water. The thallus 
forms a bright green, branched hollow 
tube, the walls of which arc only one cell 
thick. 

C lass M. ( haraceae.— The sioneworts. 
They grow in ponds and ditches: and in 
some parts of the Norfolk Broads form ex- 
tensive growths, the living plants resting 
on the decomposing remnants of former 
generations and thus gradually raising the 
bottom level of the Broad, Chara fragiUh. 
the commonest species, is some twelve 
inches in height, and consists of an axis 
with whorled. leaf-like appendages in- 
serted at the nodes. The stoneworts con- 
stitute an isolated group of highly de- 
veloped green thallophytes of ancient 
origin. 

Class \TI. Phaeophyceac.— The brown 
algae. Almost all arc seaweeds, and owing 
to their large size and ex- 
traordinary abundance are 
familiar to every visitor to the 
seaside, and many species 
exceed both in size and com- 
plexity any of the green algae. 
Their characteristic brown 
colour is due to the presence 
of a pigment which masks the 
green of the chlorophyll. The majority are 
reproduced by zoospores, and in some 
species resting spores are produced. Ecto- 
carpus siliculosiis is a very common and 
simple species with a filamentous branched 
thallus. It consists of two parts; a creeping 
primary portion by which it is attached to 
the substratum, usually one of the larger 
seaweeds, and a tuft of branching threads, 
often several inches in length, arising from 
the creeping part and waving freely in the 
water. To the brown algae belong the 
familiar oar or ribbon-weeds (Laminaria), 
the serrated and bladder wracks(FHc«.r), and 
the interesting Sargassum which grows on 
the coasts of the West Indies and tropical 
America, whence it is carried in vast 
quantities by the ocean currents to that 
part of the Atlantic known as the Sargasso 
Sea where it leads a pelagic life. 

Class \III. ithudophyceae.— The red 
algae. The majority ai ; seaweeds, though a 
few belong to fresh waters. Usually red or 











CoroUine SruwffiJ. 


violet, sometimes dark purple or reddish- 
brown. the presence of a red, in some 
species a blue pigment, masks the green of 
the chlorophyll. The thallus is always multi- 
cellular, very diverse in form, fine or coarse 
filaments, cylindrical or leaf-like. Deks- 
scria sanguinea, named after the celebrated 
French naturalist Delessert, grows in deep 
rock pools near low-tide mark in the form 
of delicate rose-red leaf-like fronds. Rho- 
thmenia palmata grows in large, purple-red 
fronds and yields the edible “dulse,” once 
a popular local dish. Potysiphonia and 
Callithamnion are slender, branching, fila- 
mentous species. To the red algae belong 

the important coralline 
U seaweeds, so called on ac- 

count of the carbonate of 
lime secretions deposited 
in their cell-membranes, 
Sf givingthemacuriousstony 
appearance;certain species 
in the tropics contribute 
largely to the formation of coral reefs. 
Corailina officinalis, a beautiful, pinkish- 
coloured branching species, is common in 
the tidal pools around the coasts of Britain. 

Class IX. Myxomycetes.— The slime, 
fungi are very primitive organisms destitute 
of chlorophyll. In their vegetative condition 
they consist of naked amoeboid masses of 

protoplasm known as plas- 
modia, and are found in 
tan-pits, on the damp soil 
in woods, on fallen leaves 
and in decaying timber, 
where they creep about 
exhibiting continued change 
of form. The plasmodia 
of the so-called flowers of tan (Fiiligo 
varians) reach a very considerable size, 
while Plasmodiophora brassicae attacks the 
roots of cabbage, causing the disease known 
as “fingers and toes.” Reproduction takes 
place by means of spores which germinate 
in water or on a wet substratum. Over four 
hundred species are known. 

Class X. Phyconiycetes. 
—Algal fungi, for the most 
part very small and leading 
,a parasitic or saprophytic 
existence. The parasitic 
PomioB-ighi. species are the cause of 
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many widespread diseases among plants, 
Phyioplulwni infcsians being responsible for 
late blight in potatoes, a serious disease in 
w et seasons, while Plasmophora vitkola is the 
cause of the false mildew of the vine. Both 
these parasitic fungi were introduced into 
Europe from America during the nine- 
teenth century, and unhappily have be- 
come firmly established. A typical sapro- 
phytic species is Miuor inuuuh which forms 

the familiar white, fur-like 
growth on bread, jam, 
potted meats, dung, etc. 

Class XI. Euniycetes. — 
The higher fungi. The 
Eumycetes are divided in- 
to two sub-classes, (1) the 
Ascomycetes, so termed in 
reference to the tubular sporangium or 
ascus .which gives rise to the spores; and 



TYPICAL ANGIOSPERM 
Plant which has its seeds enclosed in an 

ovaryor seed-case. Plantsof this groupiisnally 
have conspicuous coloured or scentedftowers. 
The seed-case of the meadow cranesbill has 
a long pointed style like a bird's bill. 


PIM costs 

Conc-prodiuiin; plants or coiiilci.s belong lo 
the group known as gyinnospcnns. plants 
whiili piodiHC their .seeds naked instead oj 
being enclosed in a s ase. 1 he ripe cone opens 
and turns down to disperse the seed. 


(2) the Basidiomvtctcs m which the spore- 
producing organ is termed the basidium. 
To the Ascomycetes belong yeasts which 
iKcur on fruits and nuicilaginoiis exuda- 
tions in nature, and give rise to alcoholic 
fermentation when present in sugar solu- 
tions. 

The wine-yeast {Saeeharoniyees ellip- 
soideus) is a natural wild yeast passing the 
winter m the soil of the vineyards in the 
form of spores, and reaching the grapes 
during the following summer. The bcer- 
veast {Saccliaroinyces cerevisiac), on tlic 
other hand, is only known in the cultivated 
form. 

Distinct races of both species occur 
and arc grown in pure laboratory cultures 
and employed in fermentation. Two well- 
known moulds, Aspergillus herbarioruni, 
and the now famous Penieilliuin, arc 
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iiicliKicii among the Ascomycctes, as well as 
the mildew -fungi (F.ri'siplHiceac). wliicli arc 
p:ira>-itic in habit causing serious injury to 
ilic lca\cs and fruit of many culti\aied 
plants Tnhcr hnonalc and T. meltino- 
'•ponin! are the \aiiiable edible fungi known 
as trullles. The second sub-class, the Basi- 
dionneetes. includes an immense number of 
fungi most \aried in si/c. form and habit, 
some being parasitic, others saprophytic; 
while some :ire prized as being edible, 
others are higlils poisonous, \/m//m.v hay- 
Hums is the dry rot fungus which Uses in the 
wood of joists and Mooring of houses. The 
gill-fungi (Ayaricaccav) include the edible 
mushroom (Fsallioia campesnis). and the 
familiar bright red and green poisonous 
toadstools Anumiui nwscari. A. pfuilhides, 
the former popularly known as the n>- 
agaric. 

The Folyporaccci are parasitic on 
deciduous trees, the so-called touch-wood 
fungus (Fonu”; foimcnioiius) being a 
familiar example, forming large, bracket- 
shaped, perennial fructifications growing 
on tree trunks. The rust and the smut fungi 
are parasitic on cereals and other plants, 
on which they arc the cause of serious 
diseases; thus the rust fungus iPuccinh 
I’raminis) causes great harm to winter 
wheat, and three species of smut-fungi 
(UsiilaKo) attack the ovaries of wheat. 

barlev and oats. 

# 

Class Xll. I.ichens. The lichens arc 
composite plants, the plant body or thallus 

consisting of fungal hy- 
phacand algae; the algae 
occurring may l>e cither 
unicellular or filamentous 
>pecics. while the fungi 
are chiefly Ascomycetes. 
In the simplest forms, 
the fungus grows in the 
mucilaginous walls of 
the alga, or the fungal liyphae grow as 
threads around the individual filaments of 
the alga; while in others, the fungal and 
algal constituents of the lichen form strati- 
fied layers in the building up of the thallus. 
Some species form the familiar orange and 
red incrustations adhering closely to rocks 
and old stone walls, others possess a leaf- 
like form. *>f which the so-called Iceland 


moss (Cr//-<ir/t7 ishndiea) and the reindeer 
moss {Chdonia rangi/eniia), are familiar 
examples, while the beard lichen {Usnea 
harhaia). frequently to be found growing 
on the trunks of trees, is a branching form. 

DIVISION II- BRVOPHYTA 

The Bryophyta known as cellular cryp- 
togams comprise two classes of plants, 
(I) the lixerworls (Hepoiicae), and (2) the 
mosses (Musa). They are distinguished 
from the Thallophyia by the structure of 
their sexual organs, termed anthcridia and 
archegonia. 

Class I. Hepaticac. — Most of the liver- 
worts inhabit moist situations and some 

tropical species are true 
epiphytes growing on the 
stems and leaves of the 
forest trees. Two leaf-like 
species to be found 

growing on damp soil, 

on the sides of ditches, 
water courses and similar 
situations, are Marclianiia 
polyruorp/ia. and Pellia epipliylla. The 

latter is perhaps the commoner species, 

and in its vegetative condition consists of a 
green, flat, lobed thallus, repeatedly 
branched. It grows in communities often 
collectively covering a considerable patch 
of ground. The upper surface of the rather 
leaf-like thallus is dark green with what 
looks like a central midrib. On the under- 
side numerous root-hairs grow out from 
the midrib and serve to anchor the plant 
in the soil. The liverworts, like other Bryo- 
phyta, possess no true roots. 

Class II. Muscl.— The true mosses are 
widely distributed geographically and are 
to be found growing in the most varied 

situations, on tree trunks, 
on rocks and walls, on 
moors, in swamps and on 
dry w oodland soil. Fuuaria 
hygromeirica is a very 
common easily recognized 
species, usually growing 
on the ground in close 
tufts of a bright green 
colour. The bog 
mosses (Sphagnaceae) grow on swampy 
moorland where they form large tussocks 
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The tree fern is found mostly in Australia and \V»v '/eahnut h has a tidl i vlindfii al s(<. ns 
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saiuratcd with water. The upper part^ofthe 
'^tems continue their growth from year to 
year, while the lower portions die away and 
become converted into peat. 


DIMSION HI PTLRIDOPH^TA 
Ihis division includes the ferns, horse- 
tails and club mosses, the most highly 
developed or vascular cryptogams. The 
fossil remains of many extinct species are 
abundant in strata of the carboniferous 
period. 

( lass I. Lycopodiinac.— Theclub-mosses 
One of the commonest of the British club- 
mosses is Lycopodium clava- 
turn, which is found growing 
on heaths and hilly ground. 
It has a hard, creeping stem, 
often one or two feet in 
length, with ascending forked 
branches covered completely 
with crowded moss-like 
leaves. The common selagi- 
nclla, or lesser club-moss (Selai;iuella selagi- 
iioidc.i), has slender, prostrate, much- 

branched stems, forming moss-like patches 
three or four inches in diameter, growing 
in moist, stony or boggy situations. 

Sc/cigiiicUu kraussiaua, a native of South 
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Africa, is a common species now generally 
cultivated in greenhouses for its graceful, 
pale green, creeping stem. 

Class II. Equisetaceae. — The horsetails 
are an ancient and interesting race of 
plants, of which some ten species inhabit 
Britain, growing in fields and moist waste 
ground, in marshes and damp 
woodland. The field ,or 
common horsetail {Equisetum 
arvense) is a typical species, 
Deep down beneath the sur- 
face of the ground the plant 
,, , has a much-branched under- 

f 14 , rse toils. 

ground stem or rnjzomc, from 
which the aerial stems are sent up. The 
stems and branches are jointed with 
whorls of little developed leaves, each 
whorl being united to form a sheath, 
giving to the whole plant a curiously 
stiff and formal appearance. The stems 
above ground in this species arc of two 
kinds. First, in early spring, unbranched 
fertile shoots are sent up, each terminating 
in a cone bearing the sporangium. Later 
the sterile, branching shoots appear, which 
arc a deep green colour, for they constitute 
the assimilating apparatus for the plant. 

Class III. Filiclnae. — The ferns are a vast 


FLOWERS OF A GYMNOSPERM 

Branch o) Austriun pine, shoeing the ino types of cone, in the centre the female, seed- 
producing cone surrounded by the male cones which produce pollen. 
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group of plants, greatly outnumbering in 
genera and species all the other Pterido- 
phyta, vary ing in size from the magnilicent 
tree ferns of the tropics and Australia and 
New Zealand, to the delicate 
little filmy ferns hardly larger 
than the mosses. Of our native 
species, typical and familiar 
to most people as to call 
for nodetailed description are 
the common bracken (Pieris 
aquilim), the hart's tongue 
Uan'i Toniue. (Scolopendrium vtdgare), the 

male fern {Aspidium fiUx-nm) and the 
common polypody (Polypodium vidgare). 

DIMSION IV— PHANEROGAMIA 
(SPERMATOPHVTAl 
Sub-division I. Gymnospcrmac. — Includes 
the cycads, the ginkgo or so-called maiden- 
hair tree, and the Coniferae— the yews and 
various species of pine trees.The cycads arc 
restricted to the tropics. Cycas revoluia, one 
of the best known, is a native of Asia and 
has a thick woody stem crowned by a mass 
of large, pinnate, foliage leaves. The. 

maiden-hair tree (Ginkgo 

f hi/oba), is a native of China, 
but is often to be seen in 
cultivation in Britain. Both 
Ginkgo biloba and Cycas 
revoliiia are of special interest 
and unique, in that they 
Junii>.-r Trre. dcmonstratc the transition in 
the methods of fertilization 
between cryptogamic and phanerogamic 
plants. No such clearly defined transition. 
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however, has so far been discovered to 
bridge the gulf between the gymnosperms 

and the angiosperms. The 
yew {Ta.xiis baccaia), the 
Scotch pine (Pinus syl- 
vesiris), and the juniper 
(Jnnipenis communis), arc 
familiar British examples 
of the Coniferae. 

Sub-division 11. .\ngio- 
spermae. — Plants dis- 
tinguished from the gymnosperms by 
having their seeds or ovules enclosed in an 
ovary or sccd<ase, and possessing more or 

less conspicuous fiovvers; 
divided into two classes, 
based on the number 
of seed-leaves or cotyle- 
dons. 

Class I. Dicotyledons, 
plants with twocotyledons. 
Familar British examples: 
the Buttercup family, the Rose family, the 
Compositae (daisy, dandelion, thistle, 
coltsfoot, goldcnrod, etc.), the 
Convolvulus family, the Heath 
family, and among the trees, 
the elm, alder, birch, beech, 
the oak, willow and the 
poplar. 

To Class II, Monocotyledons, 
belong the orchids. Iris, crocus, 
daffodil, snowdrop, solomon’s-seal. lily 
of the valley, butcher's broom, fritillary. 
bluebell (scilla), garlic, leek, onion, 
meadow saffron, the rushes, and all the 
members of the Grass tribe. 
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Test Yourself 

1. Give the name of each of the four main divisions of the plant world, 
and mention the kind of plants that belong to each. 

2. Give the name of at least one plant from each of the twelve classes 
included in Division I. 

3. Outline the chief distinction from each other between the classes of 
plants in Division II. and in what way they differ from plants beloneinu 
to Division I. 

4. Giveexamplesofplants belonging to the threeclassesof Division HI and 

how they differ from plants belonging to Divisions I. II and IV. ’ 

5. In what vvay do the plants belonging to the two chief sub-divisions of 
the flowering plants (Division IV) differ? Give examples of one or more 
plants typical of each sub-division. 

Answers will be found at the end of the book. 
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CHAPTER IV 


THE LIVING PLANT, ITS STRUCTURE 
AND HOW IT FUNCTIONS 


IN the plant world we shall meet with 
Igreat variety in structure, size, shape, and 
habit; but it is in size, perhaps, that the 
differences are most striking, ranging from 
the tiny bacterium visible only through the 
microscope, to the giant redwood trees of 
California. The simplest plant consists of 
a single cell; the giant redwood is built up 
of millions of such cells grouped together 
and modified to carry out their various 
special functions. 

Between the two extremes in size, there 
are many grades of complexity of form and 
structure, but all alike possess one feature 
in common, the living cell, or unit of life. 
Whatever the ultimate size of the plant, it 
originated as a single cell, and from that 
primary cell all the others, no matter what 
their size, shape, position or function may 
be, have been derived, and it is out of 
masses of these cells that the roots, stem, 
branches, leaves and flowers of the plant 
are developed. 

This building up process is not really so 
very complicated, remarkable though it 
well may be in its final results, for it 
depends entirely upon the successful 
division of the cell into two. Each in- 
dividual cell at its first formation has the 
power of dividing into two, and it is by 
such repealed division that all masses of 
cells are built up. In those parts of a plant 
where active growth is taking place, like 
the growing points of stems and branches, 
developing buds and the tips of roots, the 
process is going on with very great rapidity, 
the new cells dividing again and again, 
soon after their formation. But the ceils do 
not retain this power of division indefinite- 
ly, for as they grow older and larger, they 
gradually change both their shape and 
constitution in various ways. 

It is these tiny chambers or cells which 
make up the whole substance of almost ail 

plants, and they are nearly always so small 

« 
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as to be indistinguishable without the help 
of a microscope. Few measure as much as 
the onc-hundredth of an inch in diameter— 
that is about half the size of a full-stop in 
ordinary print — while many measure far 
less than the one-thousandth of an inch in 
size. If we cut a very thin slice across any 
plant stem or leaf-stalk, and placing it on a 
flat piece of glass, hold it up to the light, 
we can see with the help of a good pocket 
lens magnifying not less than twelve dia- 
meters, that it is divided up into a number 
of very minute areas by well-defined lines, 
that show up as a delicate network. Each of 
these small areas is a cell, and the network 
of lines is the cell walls. So far, so good, but 
what are these cell walls made of. and what 
does each cell contain? 

Composition of the Cell 

Well, in a living plant cell we can dis- 
tinguish the cell wall, which is mainly com- 
posed of a substance called cellulose; and 
within, the tiny cell filled with a very trans- 
parent granular material, the living matter, 
or protoplasm, as it is called, upon which 
the life of the whole plant depends. More- 
over, the protoplasm within each cell 
contains in some portion of its substance a 
roundish denser body, a very important 
structure known as the nucleus. 

The nucleus is really a specially differen- 
tiated portion of the protoplasm, and, in 
addition, contains one or more rounded 
masses called nucleoli. It is intimately as- 
sociated with the growth and development 
of the living cell, and though very minute 
in size, is a very complex and active body. 
In addition to the nucleus, and more easily 
distinguished in mature cells, one or more 
perfectly transparent spots may be seen, 
cavities in the mass of the protoplasm 
known as vacuoles, filled with clear fluid. 

The contents of the living plant cell are 
not in a stale of rest or immobility. If 
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with the aid of a microscope we were to 
examine closely the granular layer of pro- 
toplasm. we should be able to see that the 
granules are mo\ ing slowly round the walls 
of the cell, or w here strands of protoplasm 
cross a vacuole, that the granules pass 
along them in different directions, flowing 
towards and then away from the place in 
which the nucleus is situated. These two 
movements within the living cell are 
known as rotation; and. as we watch the 
circulation of these granules passing along 
the delicate strands of protoplasm, to 
and from the nucleus, we cannot fail to 
notice how close is the resemblance, in 
miniature, to the unceasing flow of the 
blood corpuscles to and from the human 
heart. 

Moreoxer, the little mass of protoplasm 
living within each cell, although apparently 
independent and separated entirely from 
its neighbours by the w-alls of the cell, is 
not really so completely isolated, for ex- 
tremely delicate threads of protoplasm 
pass through the minute chinks in the walls, 
uniting the neighbouring cells one with 
another, so that all are connected, and the 
living substance throughout the plant is, in 
fact, practically in direct communication. 
Each cell is a minute centre of active life, 
while the growth of the plant as a whole is 
the result of the combined work of the 
component cells thus linked together. 

Nucleus Divides 

The first obvious changes in a dividing 
cell take place in the nucleus, and are of a 
very complex character, the ultimate result 
being that it becomes divided into two 
exactly equal pans, or daughter-nuclei, as 
they arc termed. Indeed, so fine and 
accurate is the division, that every minute 
part of the parent nucleus is split into two 
identical halves, one half entering into the 
composition of each of the daughter- 
nuclei, which, as their mass contracts, 
gradually separate from each other. 

A new cell wall is meantime being 
secreted by the protoplasm, usually at 
right angles to, and midway between the 
daughter-nuclei, so that in a short time they 
are entirely separated from each other ; 
each becoming completely contained within 


its cell. It is by this process of repeated cell 
division that the tissues of the plant are 
built up. The cell wall is always formed by 
the living protoplasm, and when first 
secreted, and before it has undergone any 
chemical change, is chiefly composed of 
cellulose, a material formed by the proto- 
plasm from a combination, in certain pro- 
portions, of carbon, hydrogen, and oxygen; 
one of those complex substances known to 
the chemist as a carbohydrate. 

At first, the young cell wall is capable of 
absorbing water from the outside and re- 
taining it in its substance, it is transparent, 
dilatable and elastic. This power of 
absorption and retention of fluid is a very 
valuable property for some of the pro- 
cesses involved in the normal life of the 
plant. Very soon after being formed, how- 
ever. the cell wall tends to thicken by 
additional layers of cellulose secreted by 
the protoplasm in contact with it. 

Cell Sap 

As the cell increases in size and age, the 
tendency is for the translucent spaces, or 
vacuoles, either to increase in number, or 
by coalescence, to increase in size. As we 
have seen, they are not empty spaces in the 
protoplasm, but are filled with a watery 
fluid, cell sap, in which various organic 
and inorganic substances — acids, sugars, 
nitrogenous compounds and mineral salts 
— are held in solution. The protoplasm 
no longer fills the greater part of the 
cell, but has become reduced to a thin 
layer, in which the nucleus is embedded, 
lining the cell wall. 

What has happened is that the proto- 
plasm has not kept pace with the growth of 
the cell, having been used up in adding to 
the cell wall, and for other purposes, faster 
than it could be renewed by taking in food. 
Some cells eventually lose their protoplasm 
entirely, and then they are incapable of 
further growth. However, they are still 
useful to the plant, serving as temporary 
storerooms, or passages for the circulation 
of sap, while their thickened walls act as a 
mechanical support. 

Sooij after a mass of cells has been 
formed by repeated division, some of them 
. may become partially separated, so that 
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passages or spaces Leein to 
appear, first at the angles 
\shere three or lour cells 
nieet together, and gradu- 
ally extending among the 
mass until esery cell abuts 
upon one or more of them. 

Ciroups of cells at the same 
tune Ivcome modified in 
\arious ways, according to 
the work which they will 
have to perform for the 
well-being of the plant as 
a whole. Such modified 
groups of cells form the 
\arious tissues of which the 
plant is built up. Some 
know n as conducting tissues 
ser\e as pipe-lines by which 
lluids -are distributed to 
every part of the plant. 

Others act as' secreting 
tissues in whose cells oils, 
gums, latex, etc., are pro- 
duced; while others again form into pro- 
tective tissues such as the skin of an apple, 
the shell of the hazel nut, cork and bark. 
Moreoxer, the shapes and sizes of these 
special cells vary, and their walls show 
many modilications of structure, brought 
about by the unequal deposition of the 
sheets of cellulose and other substances, of 

which thev are formed. 

• • 

Grouping of Cells 

Having ascertained how the masses of 
cells that constitute the living plant as a 
whole arc formed, let us turn our attention 
to the way in which they are grouped in the 
formation of the different tissues in the 
body of the plant. We shall find that the 
different kinds of cells are not distributed 
uniformly throughout, but have a very 
definite arrangement; the various kinds of 
cells being associated together so as to 
form more or less sharply defined layers or 

ct 


9 

strands. Such an association of similar 
cells is termed a tissue. 

During the autumn and winter we may 
often find a plant stem, such as an old 
cabbage stalk, in which all the soft parts 
have perished, and nothing remains but a 
network of hard, woody, interlacing 
strings — any so-called skeleton leaf shows 
the same condition. These remaining 
strands are known as vascular bundles, and 
constitute one of the tissue systems of 
which all the higher forms of plant life are 
composed. Their all-important function 
is to serve as conducting channels 
through which the various food materials 
pass. In addition, in most cases, they also 
serve the equally important duty of forming 
the main supporting skeleton of the plant. 

Because it is a familiar plant to be found 
growing in most gardens, or easily ob- 
tained, let us take the common wallflower 
as our specimen for a study of the tissues. 
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Its stem, wtili the exception of the stringy 
\asciil.ir bunillC', is soft and succulent, and 
ue shall lind that a part of the soft tissue 
lies to the inside and bct\seen the xascular 
bundles. 

Tliesc bundles together with the tissue 
that lies between and within them form 
what is known as the central cylinder, 
while the tissue lying on the outside of the 
\ascular bundles is called the cortex. As we 
liold the entire plant in our hand, we can 
see that the surface of the upper and 
younger part of the stem is covered by a 
\ery tliin skin, easily peeled off with a 
pocket-knife, when it shows as a colourless 
transparent membrane which, in spite of 
its delicacy, is, nevertheless, fairly tough 
and elastic. 

It is confined to the younger parts of the 
stem, and is known as the epidermis. We 
shall find the same type of tissue covering 
the stalks and leaves. The lower and older 


parts of the stem, on the other hand, are 
covered and protected by a much thicker 
and harder skin, the bark; and all such 
protective tissues, including both epidermis 
and bark, are included under the general 
name of dermal tissues. 

Now, it is quite possible with the help of 
such simple tools as a good pocket lens 
magnifying twelve diameters, and an old 
discarded safety-razor blade, to make out 
quite a lot more concerning the structure 
of the stem of our wallflower. Let us cut a 
few very thin slices right across the stem 
and place them on a piece of glass. If we 
then hold one of these stem sections up to 
the light, and take a look at it through the 
lens, we shall be able to see that the cut 
ends of the vascular bundles are arranged 
at very regular intervals in a ring, and that 
the space within the ring is occupied by a 
large-celled tissue, known as the central 
pith; while a similar tissue, constituting 



become .specialized to perform certain functions. The ho 
prickly fruit {or pericarp) of protective tissue to protect 
within. When the nuts are ripe the pericarp splits open. 
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On the right (bottom) is a elose-iip transverse of a vascular bundle. 


what is known as iho mcilullary rays, cn- 
icnds between the bundles as far as the 
cortex which surrounds them. 

The vascular bundles, medullary rays and 
pith, collectively form what is known as the 
central cylinder of the stem, which is sur- 
rounded on the outside by a band of large- 
celled cortex tissue, and this again by the 
cells forming the skin or epidermis, which 
may consist of only a single layer of cells in 
the more recently formed part of the stem. 
We are able at once to distinguish many of 
the cells making up part of a vascular 
bundle, because of their larger size and 
thickened cell-walls which give them a vcr>’ 
striking and characteristic aspect. 

Actually, the bundle is made up of two 
quite different kinds of tissue. The inner 
half, which lies towards the centre of 


the stem, consists chiefly of these con- 
spicuous, rather large cells with thickened, 
woody wails, and forming the wood or 
■xylem; while the outer part of the bundle, 
lying towards the cortex, consists of much 
smaller cells, with thin walls of pure cellu- 
lose. and abundant protoplasmic content. 
This outer part of the bundle is known as 
the bast or phloem. 

Cambium Tissue 

Finally, though hardly to be detected 
with our pocket lens, except perhaps as a 
narrow streak showing between the woody 
cells and the bast, there. exists a band of 
small and very regular cells, having very 
thin walls, showing that active cell- 
division is taking place. This layer of cells 
forms what is known as the cambium 
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ROOTS AND STEMS 

Roots can he modified to perform other functions than the normal ones of anchoring the 
plant and drawing up moisture. Some act as storehouses of food, as in tap roots and 
root tubers. Stems also become modified for purposes of food storage as in the potato 
or crocus. Rhizomes ore stems which grow horizontally beneath the soil sending up shoots 
abo\‘e and roots behw. Cladodes are flattened leaf-like stems. 
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tissue, and is constantly undergoing cell- 
division, thus adding new cells to the wood 
internally, and to the bast externally. 

So far we have seen enough with the 
help of our pocket lens to realize that the 
vascular bundle is made up of three very 
distinctive sets of tissues; the thick-walled 
wood cells and the thin-walled bast cells, 
and the actively dividing, intermediate 
strip of cambium tissue. Now let us turn 
our attention to the course of these various 
tissues within the stem, and also find out 
something about the functions they per- 
form. 

The vascular tissue is generally collected 
into strands or strings consisting of the 
vascular bundles, and runs throughout the 
entire plant, from the roots to the leaves; 
the strands in the leaves being known as 
veins. In fact, the arrangement of this 
tissue is adapted so as to facilitate com- 
munication in every direction between 
leaf, stem and root; and as the bundles are 
united to one another, it is made easy for 
the food substances which they conduct, to 
pass into one or other of the leaves, or to 
continue their course straight up the stem. 
Equally, on the other hand, those sub- 
stances which are formed in the leaves have 
ready access through the stem bundles to 
all parts of the plant. 

Arrangement in the Stem 

To trace the course of these vascular 
bundles, it is best to follow a bundle from 
above downwards, as seen in a longitudinal 
slice or section of the stem, when examined 
under a microscope. It can then be seen 
that the bundle enters the stem from the 
midrib of the leaf and after running in- 
wards for a short distance, turns straight 
downwards. Continuing its descending 
course, it reaches a point in the stem where 
the next leaf, vertically below that from 
which it started, originated, and joins on to 
its bundle. In the case of our wallflower 
stem, besides the principal leaf-bundle 
which we are tracing, two smaller lateral 
bundles enter the stem from each leaf, and 
behave in the same way. The number is not 
always exact, however, for the smaller 
bundles may branch or unite together by 
cross branches. However, at the insertion 


of each leaf the various bundles are con- 
nected together, and thus the whole bundle- 
system of the stem is built up of these leaf- 
trace bundles, the upper ends of which run 
out into the leases themselves. Where an 
axillary branch is given ofl'. its leaf-trace 
bundles arc continuous with those of the 
main stem. 

Vessels of Vascular Bundles 

As we have already seen in cross-section, 
the vascular bundle is made up of three 
elements, namely, cells of relatively large 
diameter and thickened walls, constituting 
the wood or xylem: small cells, slightly 
oblong in cross-section, with thin walls, 
forming the active cambium and, lastly, 
the soft-walled cells forming the bast or 
phloem portion of the bundle. Let us now 
consider these three elements in closer de- 
tail. We shall find that the cells making 
up both the wood and the bast portion of 
the vascular bundle have undergone con- 
siderable modification, and have coalesced 
to form the long strands, the vessels as they 
arc termed, of which the vascular bundle 
consists. 

First, let us examine the vessels making 
up the wood or xylem portion of the 
bundle. These consist of long, continuous 
tubes extending through the plant for con- 
siderable distances without interruption. 
Each of these vessels consisted at first of a 
whole row of superposed cells, each cell 
with its own protoplasm and nucleus. Then 
the cross walls separating these cells, one 
from another, were dissolved away, so that 
the whole row became converted into one 
long tube; while the whole of the proto- 
plasm was used up in the process of 
thickening the walls of the vessel. So when 
fully formed, the vessel has become a 
hollow tube which henceforth will simply 
serve for the conveyance of fluid. 

Unequal Thickening 

The walls of these vessels have peculiar 
markings on their inner surface, spirals, 
single rings, or pits as the case may be, 
due to unequal thickening, some parts of 
the wall having increased considerably in 
thickness, while other parts remained quite 
thin. The innermost vessels, on account of 
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their 'spiral thickening, resemble lengths of 
garden hose with a spiral wire coiled inside 
to prevent collapse when empty. The 
reason for this is that these innermost 
\essels are the first to be formed, and their 
walls become thickened before the tissues 
base ceased to grow in length. 

Instead of the spiral thread, we shall in 
some cases find isolated rings at intervals 
round the walls of the vessel. Here again, 
subsequent growth in length has taken 
place, and as the \esscl has increased in 
length, the rings have been pulled farther 
and farther apart. We shall find that the 
vessels a little nearer the outside of the 
xylem, though still spirally thickened, have 
the coils of the spiral wound closer to- 
gether; for in their case, the thickening 
having been developed later, there has not 
been so much stretching out by subsequent 
growth in length. Next to these we shall 
find vessels in which the uneven thickening 
on the walls forms a network in which the 


meshes are occupied by a thin membrane. 
These are known as reticulated vessels, and 
are incapable of longitudinal extension, 
being developed only after the growth of 
the stem has been completed in length. 

In the outer and later-formed parts of the 
wood or xylem, we come upon vessels in 
which the walls, though generally thickened 
throughout, have a number of little oval 
spaces left therein. These are what are 
known as pitted vessels; the thin, oval parts 
of the walls being the pits which permit the 
passage of fluids from one vessel to another. 
The various kinds of wall-thickening 
described above strengthen the vessel and 
enable it to resist pressure, 

We shall find that the wood or xylem 
portion of the bundle also contains what are 
known as fibrous cells, which are scattered 
among the vessels described above and are 
more common in the later-formed parts of 
the wood. They are very long, thick-walled 
cells having sharply pointed ends, and 


TYPES OF FOLIAGE LEAVES 

Leaves have been given various names to describe their position on branch and stem. 
Those arranged alternately on the stem, like the apple, are called alternate. Palmate 
leaves radiate from a centre, as in horse chestnut, and a pinnate leaf is like a feather. 
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althouijh their wall^ arc thickened almost 
all o\cr. there arc a few narrow pits 
\Nhere\cr the walls ha\c been left thin. 
Unlike the \essels. however, these fibrous 
cells do not fuse with one another. Their 
chief function is to give additional rigidity 
to the stem. 

In addition to the vessels and fibrous 
cells, the xylem also contains cells with 
squarish ends. They are not so long as the 
fibrous cells, however, and their fairly 
thick walls have small pits, They always 
contain protoplasm and a nucleus, and 
often, in addition, granules of starch. 
These celts are always found in contact 
with the vessels and form what is known as 
the woody or xylem parenchyma. Finally, 
in our survey of this part of the vascular 
bundle, it must be noted that the woody 
character of the cell-walls of the vessels is 
due to a substance called lignin, a chemical 


moditicaiion of cellulose which has the 
efTcct of rendering the walls much harder, 
and so prevents their collapse through 
pressure from the surrounding tissues 
Now let us have a look at the elements 
making up the bast or phloem of the 
vascular bundle. In our walltlower stem we 
shall find that the bast consists entirely of 
cells with soft walls of pure cellulose, and 
that the most important are of three kinds. 
First there are what are known as the bast 
vessels or sieve tubes. They are made up of 
long ceils placed end to end and their dis- 
tinctive feature is that their end walls are 
perforated by a number of fine holes, like 
a sieve: hence their ntune. They are 
called vessels because the cells of which 
they are composed are in open communi- 
cation with one another by means of the 
perforations in their cross wall, or sieve 
plates. These bast vessels retain then 
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protoplasm, and also contain a slimy 
substance which is rich in nitrogenous 
compounds, and starch granules are also 
sometimes present. At first each of their 
constituent cells has a nucleus, but during 
the development of the sieve tube it breaks 
up into fragments and entirely disappears. 
Where sieve tubes are in contact with one 
another side by side, their lateral walls are 
perforated also in places so that through 
these and the perforations of the cross-wall 
sieve plates, the contents of the tubes are in 
continuous contact. 

Intimately connected with the sieve 
tubes arc narrow, longish cells, each 
densely filled with protoplasm and con- 
taining a large nucleus. These companion 
cells, as they are called, when seen in a 
cross-section of the stem, look as if they 
had been cut off from the corners of the 
sieve tubes, and as a matter of fact, that 
actually is how they originated, for both 
were formed by the division of the same 
mother-cell. The curious details of these 
sieve tubes and their companion cells are 
better seen in longitudinal sections of the 
stem of a cucumber or vegetable marrow. 


on account of their larger size in these 
plants, than in the small-stemmed wall- 
flower. The rest of the bast portion of the 
bundle is composed of rather large, typical 
cells, each containing a layer of protoplasm 
lining the wall, and a single nucleus, and 
undergo no special modifications. 

We now come to those layers of thin- 
walled cells called the cambium, which lie 
sandwiched in between the woody and bast 
tissues of the vascular bundle. On the inner 
side of the bundle these layers pass over 
gradually into the wood, and on the outer 
side into the bast. The cells in the middle 
of this tissue are in constant division, thus 
contributing new elements to both the 
wood and the bast tissues of the bundle. 

What is known as the central cylinder of 
the plant stem consists of the vascular 
bundles arranged in a circle and of those 
parenchyma cells which, because they sur- 
round and unite the bundles together, form 
what is called the conjunctive tissue; those 
cells running up between the vascular 
bundles constituting the tissue forming the 
medullary rays. The cells belonging to this 
tissue bordering on the bundle are usually 
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rich in grape sugar dissolved in their cell 
sap, and it is through these cells that the 
carbohydrates pass on their way from the 
leaves to other parts of the plant. The 
central part or pith of the stem is made up 
of large, rather elongated, squarish-cnded 
cells which retain their protoplasm and 
usually contain starch granule;: 

Working outwards from the vascular 
bundles, we next notice a single layer of 
cells with slightly thickened walls, and with 
numerous starch granules included in their 
contents. This is known as the endodermis 
tissue and forms the inner limit of the 
cortex. The rest of the cortex consists of 
parenchymatous cells similar to those of 
the central pith, except that the outermost 
have slightly thickened walls and contain 
chlorophyll plastids, so that they can 
actually play a part in assimilation, though 
this function, as we shall see later on, 
chiefly belongs to the leaves. It is charac- 
teristic of all parenchyma cells, whether 
belonging to the central cylinder or to the 
cortex, that they do not fit closely together, 
but separate slightly at their corners so as 
to leave little spaces between them, and 
these intercellular spaces in the living plant 
are filled with air and with aqueous vapour, 
but no fluid. 

Finally, we come to the rind or epidermis 
of the stem composed of cells which, for 
the most part, are elongated and have 
squarish, sometimes pointed ends which fit 
closely together. Each of these cells con- 


UNDER SURFACE 
OF LEAF 

Photomicrograph of 
vertical section of 
leaf of Scotch pine, 
showing stomata pore 
guard cells, resin 
duct and palisade 
cells. Each stoma 
opens into a large 
intercellular space in 
the spongy tissue 
called the air chamber. 
Guard cells regulate 
the opening and closing 
of the pores. 


tains protoplasm and a nucleus, but no 
chlorophyll plastids. In the outermost 
layer of cells forming the skin or cuticle, 
the cell walls are not composed of pure 
cellulose, but of a substance called cutin, 
resembling cork, which is extremely im- 
per\ious to water or watery vapour. Thus 
our survey of the structure of the plant 
stem, from the central pith to the outer 
skin, is complete. 

Importance of the Leaf 

We must now turn our attention to the 
structure of the leaf, the better to under- 
stand the very important part that it plays 
in the life and growth of the plant. The 
leaf is actually built up of the same kind 
of tissues as those that we have found in 
the stem, but with certain differences in 
arrangements and structure necessary for 
the special work they have to carry out. 
We have already learnt that the vascular 
bundles of the leaf are the direct con- 
tinuation of those of the stem, and that 
they are the natural pipe-lines for the con- 
veyance to and from the leaf of the cell sap 
which contains in solution those in- 
gredients that nourish and help to promote 
the growth and life of the plant. 

In fact, the general course of the veins is 
identical with that of the vascular bundles, 
each vein corresponding to a bundle now 
enclosed in a close-fitting sheath of paren- 
chymatous cells, however, which differ 
from those of the rest of the leaf. It is to the 
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cells forming the tissues of the leuf itself, 
and particularly, the green chlorophyll- 
containing tissue, that we now turn our 
attention, for they are of prime importance 
in carrying on the functions of the leaf, in 
its relation to the plant as a whole. 

Looking at a thin transverse slice or 
section across the blade of the leaf, the 
first noticeable feature observed under the 
microscope is that the tissues of the upper 
present a totally different appearance to 
those of the lower part. We shall see that 
the skin, or epidermis, of the upper surface 
of the leaf consists entirely of a row of 
slightly oval-shaped, closely united cells 
whose outer walls arc thicker than the 
others, and that they appear as if empty or 
only to contain water. Immediately below 
these epidermal cells the tissue is composed 
of several rows of elongated cells with 
squarish ends, closely packed together, 
and with their long 
axes at right angles 
to the surface of the 
leaf. 

These cells con- 
tain an immense 
number of chloro- 
phyll bodies or 
plastids, small green 
bodies, embedded in 
their protoplasm and 
chiefly ranged on the 
side-walls of the cells. 

This tissue on ac- 
count of the upright 
and regular arrange- 
ment of its cells is 
called the palisade 
parenchyma, and is 
the characteristic 
tissue of the leaves 
of ail the higher 
plants. Its cells are 
cylindrical in shape, 
and although very 
closely arranged, 
narrow intercellular 
spaces can be traced 
between them. 

Immediately be- 
low, and joining the 
base of these palisade 


cells, are the very loosely arranged, irregu- 
larly shaped cells, with large intercellular 
spaces between them forming wluu is know n 
as the spongy parenchy ma. These cells also 
contain chlorophyll corpuscles, though in 
smaller numbers and uniformly distributed 
in the protoplasmic lining of the cell walls. 
It will be seen that the lower ends of the 
palisade cells never end blindly in an inter- 
cellular space, but always join on to the 
cells of this spongy tissue. 

l.uwer Kpiderniis 

Below the spongy parenchyma we come 
to the skin or epidermis of the lower sur- 
face of the leaf, on which there are 
numerous minute openings or pores, 
known as stomata, each opening into one 
of the large intercellular spaces of the 
spongy tissue. Numerous protective hairs 
also arise at intervals from the epidermis. 


MAGNIFIED STOMATA 

Under surface of a monkey-puzzle leaf. Through ihe sioniaui the 
plant interchanges gases with the air outside. 
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Tiicse small opcnini’s. or siomata, are very 
important organs and cal! for careful ex- 
amination. for they display a beautiful 
example of perfect adaptation to a given 
function. Lach stoma will be seen to open 
into a large intercellular space in the 
spongy tissue, called the air chamber. 
These chambers, again, are in direct com- 
munication with all the intercellular spaces 
of the leaf: and through them, with those 
of the whole plant. We see, therefore, that 
the stomata arc the pores, by which the 
intercellular passages of the whole plant, 
containing as they do, air and water vapour, 
open into the external air. 

In cross-section a stoma shows two 
guard-cells, as they arc called, which differ 
in shape from the other cells of the 
epidermis. Their walls are very thick, 
especially at the corners facing towards 
the pore opening, so as to form what re- 
semble lip-like, projecting ridges. Now, in 
the living leaf, the stomata have the power 
of opening and closing: as a rule, opening 
under the influence of light and warmth, 
and closing when it is dark or cold. The 
pore opens when the guard-cells become 
more cursed, and closes when they 
straighten so that their sides arc brought 


into contact. We shall learn more about the 
significance of this beautiful mechanism of 
the stomata later, when we come to con- 
sider the function of the leaf as a whole. 

Tissues of the Root 

To complete our survey of the structure 
of the living plant we must now note some of 
the ditferences to be found in the tissues of 
which the root is composed, paying more 
particular attention to those modifications 
associated with the extremely important 
function which the root has to carry out, 
for this part of the plant is far more than 
a mere means of anchoring it securely in 
the soil. 

Unlike the stem, the root bears no leaves, 
its only appendages being the branching 
rootlets, and the very fine and delicate root 
hairs. These root hairs are most important 
organs, for they take up all the food that 
the plant obtains from the soil. It is the 
youngest growing portions of the root and 
root hairs which alone have the absorptive 
powers necessary to draw in from the sur- 
rounding soil the water and the various 
food-substances dissolved therein, required 
for the growth and nourishment of the 
plant. 

In a relatively young root the middle is 
traversed by a strand of vascular tissue 
directlycontinuouswith the vascular bundle 
system of the stem, but showing certain 
modifications. The wood or xylem forms 
a plate of tissue passing through the centre 
of the vascular system, with the bast or 
phloem grouped in two distinct bundles on 
either side. Owing to the diminishing 
diameter of the root, there is a greater 
concentration of the bundles, and a pro- 
portionate decrease in diameter of the 
central cylinder, which contains little con- 
necting parenchyma tissue between the 
bundles, and usually has no pith, The outer- 
most tissue, corresponding in position to 
the outer skin or epidermis of the stem, 

HORSE CHESTNUT BUD 
In early spring the outer winter protecting 
leaves wither aiid fall back. Halfway down 
the stem can be seen the scar left when a last 
year's leaf fell off in the autumn. 
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consists of thin-\salk\l living colls. Many 
of those grow out into long slonder hairs, 
each consisting of a single thin-wallod coil 
with its protoph^in and nucleus. 

These root hairs arc much finer than the 
thinnest branchlets of the root, and there- 
fore are able to push their way between the 
smallest particles of earth, to some of which 
they become quite firmly attached by the 
conversion of the outer layer of their cell 
wall into a sticky mucilage. That is one 
reason why you always find it impossible to 
pull a living plant out of the ground with- 
out bringing up a mass of fine earth, and 
why no amount of shaking will entirely 
dislodge the earth from the roots; some 
fine particles remaining firmly stuck to the 
delicate root hairs. 

The growing point of the root has to 
push its way downwards through the soil 
and consequently is exposed to a good deal 
of friction. To guard against this it is 
provided with a special organ known as the 
rooKap, which consists of a sheath of 
tissue .somewhat resembling in shape a 


thimble, and completely covering and pro- 
tecting the delicate growing point of the 
root. .As the root increases in length, this 
protective cap is pushed forward, receiving 
the brunt of the friction with the soil 
through which the root is forcing its way. 
Consequently, the outer layers ol tlic root- 
cap gradually wear away, but arc as 
regularly replaced from within Iw the 
active cells of the growing point of the root, 
which not onl> provide new tissue for the 
root-cap, but also for the lengthening body 
of the root. Just as the growing point of 
the root is protected by the thimbic-like 
root-cap, so tlie growing point of the 
ascending stem is protected against vai vmg 
climatic conditions by the leaves of the 
terminal bud which fold clo^ely over it. 

Having gained a general idea of the 
structure of a plant, of the tissues out of 
which its stem, root and leaves arc built 
up, and some idea of their function, let us 
lutn our attention to the all important 
questions of what food the plant requires 
to promote and maintain healthy growth; 
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of how such materials are obtained and 
assimilated; and how plants respire. In 
fact, to learn something about those daily 
tasks which a plant has to perform as a 
successful living organism, quite as sensi- 
tive and responsive as any human being to 
good or bad conditions of environment. 

Chemical Requirements 

Many chemical elements have been 
found by the analytical chemist at one 
time or another in the tissues of plants, 
but it by no means follows that all were 
necessary or even entirely desirable for the 
health of the plant. On the contrary, they 
may in many instances simply have been 
absorbed into the tissues of the plant 
because, at the time, they happened to be 
in suitable solution in the adjacent soil. 
Many chemical substances, both organic 
and inorganic, are essential to the life and 
nutrition of the plant, the most important 
being carbon, hydrogen, oxygen, nitrogen, 
sulphur, phosphorus, potassium, calcium, 
magnesium and iron. Out of three of these 
elements, carbon, hydrogen and oxygen, 
both the cellulose of the plant cell and 
starch are constituted. The proteins which 
enter into the composition of the proto- 
plasm contain, in addition, nitrogen and 
sulphur, while phosphorus is always a 
constituent of the nucleus, and unless a 
trace of iron be present in the cell content 
no chlorophyll can be formed. So far as the 
food obtained directly from the soil is con- 
cerned, the chemical elements composing 
it are always drawn up by the root tissues 
in very weak solutions. 

Practical Experiments 

From the following simple and easily 
performed experiments, we can gain a 
practical insight into the working of plant 
nutrition and the part which the roots play 
in drawing up those elements normally 
present in the soil necessary for the growth 
of the plant. Some seeds of barley or maize;' 
a shallow box filled with damp sawdust; a 
few small jam or pickle jars fitted with 
corks; and a supply of nutritive or culture 
solutions which you can ask your local 
chemist to make up, or procure for you, 
are all the necessary impedimenta. Here is 



ROOT TIP HIGHLY MAGNIFIED 
The central mass of tissue is called the stele. 
Surrounding it is the cortex. 


a well-tried formula for the culture solu- 
tion:— 

Distilled water . . 100 ounces (5 pints). 
Potassium nitrate . . 45 grains. 

Calcium sulphate . . 25 „ 

Magnesium sulphate 25 „ 

Calcium phosphate. . 25 „ 

Sodrum chloride 25 „ 

Sulphate of iron . . Only a trace. 

Ask your chemist to make up one bottle 
containing the complete formula; and 
other bottles each omitting one element, 
such as potassium, nitrogen (as nitrate), 
calcium, etc. 

Three things should at once attract your 
notice in the above formula, namely, the 
large amount of water required for the 
proper dilution of the salts, so as to make 
them present in sufficiently weak solution 
to be easily absorbed and acceptable to the 
plant; that only a trace of sulphate of iron 
must be present; and lastly, the entire 
absence of carbon. The soil is never the 
source from which the plant obtains its 
supplies of carbon, that element in the ca^ 
of land plants being obtained from the air 
by means of their green stems and leaves; 
while aquatic plants leading an entirely 
submerged existence obtain it from the air 
held in solution in the water. While a trace 
of iron is absolutely necessary, as already 
pointed out, for the formation of chloro- 
phyll by the protoplasm within the. plant 


TESTING EFFECTS OF EACH ELEMENT 
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EXPERIMENT WITH CULTURE SOLUTION 
yarious ele/ncfUs in certain proportions are necessary to the health oj a plant, 
experiment will demonstrate the effects of the absence of any of these elements. 


This 
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cell, it becomes harmful if present in the 
solution in excess. Two very necessary in- 
gredients for the success of our experiments 
are care and patience. 

Filling the Jars 

Sow your seeds thinly in the box of damp 
sawdust, and allow them to germinate and 
grow until fully two inches in length. Drill 
one or two small holes in the corks, and 
fill each jar with one of the solutions, 
taking especial care to attach a label to 
each Jar stating which particular solution 
it contains. Gently insert the root of one 
seedling only through each hole in the cork 
so that it dips down into the solution, and 
carefully wedge the little plant in position 
with the help of some cotton wool. Fasten 
thick brown paper round the glass sides of 
the jars so as to prevent light reaching the 
roots, and then place your jars in the 
window of a well-lighted room or green- 
house. 

At the end of two or three weeks to a 
month, you will find that the plants are 
showing a marked difference in their be- 
haviour. Only those planted in the jars 
filled with the solution containing all the 
salts in the formula will be healthy and 
show growth. The others will remain 
stunted having made little or no growth, 
and appear perhaps to be actually dying. 
Those in the solution from which all trace 
of sulphate of iron was omitted, will have 
grown for a time normally but it will be 
noted that any new leaves which may be 
developed are not green, but white; in fact, 
that they contain no chlorophyll. The 
reason why the first-formed leaves were 
green is that a sufiicient supply of iron was 
already stored within the seed itself. We 
shall learn more about the formation of 
chlorophyll later on. 

One other point in connexion with 
nutrition must be mentioned here. In most 
cases, plants cannot assimilate the free 
nitrogen present in the air — the seedlings 
grown in the solution lacking nitrogenous 
compounds will have starved, thereby 
demonstrating that they had been unable 
to obtain supplies from the air. There are, 
however, important exceptions to this rule, 
for plants belonging to the pea and bean 


tribe, the Leguminosae, are able under 
certain conditions to obtain their supply 
of nitrogen from the air by aid of a par- 
ticular species of bacteria which swarm in 
small nodules growing on the sides of their 
roots. 

These bacteria, known as Bacillus 
radicicola, live in the soil, from whence 
they penetrate, through the root hairs of 
the plant, into the cortex tissues of the 
roots, and by their presence there give rise 
to the nodules. These nodules are often 
noticeable on the roots of garden peas and 
scarlet-runner beans. The invasion, how- 
ever, is not one of harmful disease germs, 
but really the friendly association of two 
entirely different organisms to their mu- 
tual benefit, such an alliance being known 
as symbiosis. The bacteria live on carbo- 
hydrates and at first also on albuminous 
substances supplied by the host plant, 
while the latter benefits by the power, 
possessed by the bacteria, of fixing free 
nitrogen and thus furnishing a steady 
supply of combined nitrogenous material. 
Thus the Leguminosae, to which order the 
peas, beans and lupins belong, would 
appear to differ from all other green plants 
in their mode of accumulating nitrogen. 

Valuable Nodules 

It has been proved conclusively that it is 
only when these bacteria are present in the 
soil that the nodules develop on the roots 
of the leguminous plant, and only when 
the nodules are formed that free nitrogen 
can be assimilated. Provided the nodules 
are present, the plant can thrive and as-* 
similate great quantities of nitrogen in the- 
absence of nitrogenous compounds in the 
soil. The discovery of this fact has proved 
of great value to agriculture, and today 
large crops of leguminous plants are often 
grown by the farmer for the sole purpose 
of ploughing them into the ground when 
mature and so to enrich the soil with nitro- 
gen for other crops. 

Our culture experiments having shown 
us how the roots absorb certain elements in 
solution that are normally present in the 
soil, we have now to consider how the 
plant obtains its supply of carbon, the most 
important of all nutrition elements, from 



• 4 to 



PHOTOSYNTHESIS IN WATER PLANTS 

Lishl w eisetilial Jor pltolosvnilu’sis ami this txpcrinh-nt sluniU h^- cd'T/Vi/ mil in thnlii’lir. 
preferably in strong sunlight. Small bubbles of gas are gixen oil at iiiieixah at the eut 
ends of the pondweed and collect at the top of the test tube. H hcn sulfuicni luix hecn 
collected the tumbler is removed and the gas tested with a glowing splinter. It lights up 

at once, showing the gas to be o.vygen. 


ihe only available natural source, namely 
the air. 

The atmosphere contains carbon in the 
form of the gas knovsn to the chemist 
as carbon dioxide. Now, the proportion 
of this gas present in the air is extremely 
small, amounting only to about .03 per 
cent; and yet it is from this small 
amount that the entire supply of carbon 
necessary for the majority of green plants 
is obtained. Carbon dioxide— often, though 
erroneously, spoken of as carbonic acid — 
is formed when carbon is completely 
oxidized. It contains the maximum amount 
of oxygen with which carbon can combine. 
In ihe presence of sunlight and with the 
help of chlorophyll plastids, the plant 
combines carbon dioxide with water to 
form simple carbohydrates such as 
glucose. Some oxygen is given back to 
the air. 

That all green plants under the action 
of daylight give off o.xygen, can easily be 
demonstrated. We have only to take one 
or two short stems cut from any green 
water-plant, such as the common Canadian 
pondweed(f/yi/eo canadensis), to be found 


in most shallow streams and familiar to all 
who keep a few fre>h-water fish in aquaria, 
and immerse them in a glass of fresh tap- 
water. If we place the glass with tlie water- 
weed stems in a sunny window and allow 
it to stand for a little time undisturbed, we 
shall soon see that hubbies are being given 
off from the cut end of the stems in a con- 
stant stream, it is possible to collect these 
bubbles as they rise, in an inverted test- 
tube tilled with water, and to prove that 
they consist chiefly of oxygen by plunging 
a glowing splinter into the gas so obt.iined: 
the splinter will be rekindled. 

If we keep the immersed stems m the 
dark, however, no carbon dioxide wiil.be 
absorbed, and no bubbles of oxygen gas 
liberated. Assimilation depends upon light, 
air and temperature: for while all other 
conditions may be favourable, if the tem- 
perature is too low no assimilation will take 
place. It has been proved that the minimum 
temperature vanes considerably for dilTer- 
ent plants, and that there exists for every 
plant a certain temperature below which 
the process of assimilation ceases. Tlie 
energy that enables the green leaves of a 
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plant to do their work is derived from the 
sun, and unless there be light it is im- 
possible for the plants to carry on the work 
of assimilation. Moreover, the green 
colouring matter cannot be formed by the 
protoplasmic chlorophyll corpuscles or 
plastids, without the help of light, in addi- 
tion to the presence of the minute trace of 
iron in solution. Although these plastids 
are always present in the tissues of the 
leaves, they are unable to carry out that 
part of their work in the dark. 

The two are most intimately associated, 
the chlorophyll being useless for the pro- 
cess of assimilation without the plastid, 
while the latter cannot function without the 
chlorophyll. Probably the duty of the 
chlorophyll is to catch or absorb certain 
rays from the sun, particularly those at the 
red end of the solar spectrum, and by the 
energy so obtained the plastid is enabled 
to carry out the process of combining 
carbon dioxide and water. In fact the green 
leaf of any plant may be likened to a highly 
skilled technician carrying out a series of 
delicate and intricate chemical reactions. 

Most Vital Process 

It is no exaggeration of actual truth to 
say that this process of assimilation of 
carbon from the carbon dioxide of the at- 
mosphere is the most important physio- 
logical phenomenon known. Actually, upon 
its successful accomplishment depends the 
wholeexistence of both plantand animal life 
on earth. The herbivorous animals depend 
in the first instance entirely upon plants for 
their source of food, and they in turn are 
devoured by carnivorous animals and man. 

After the carbon has been assimilated by 
the leaves of the plant, it is employed with 
other elements that have chiefly been 
derived from the soil through absorption 
by the roots, to build up the protoplasm, 
starch, cellulose and substances of which 
the tissues are composed. The first 
demonstrable product of assimilation is 
sugar, usually grape-sugar (glucose), or 
cane sugar, as the case may be. The 
glucose is formed from the inorganic 
compounds water and carbon dioxide. 
Then it is built up into more complex 
molecules of cane sugar. A certain pro- 


portion of the sugar formed as an ultimate 
result of assimilation of carbon, is in most 
plants utilized by the protoplasm for the 
manufacture of starch, a form of carbo- 
hydrate convenient for storage because it 
is insoluble. 

To render it easy for transportation it is 
reconverted into soluble sugar by means 
of a ferment known as diastase, derived 
from the protoplasm and found in the 
leaves of plants, and also in large quantities 
in germinating seeds, where great reserves 
of starch are usually stored to meet the 
future needs of the developing seedling. 
In the leaves, the diastase converts the 
starch which has been formed by the 
chlorophyll plastids, into soluble sugar, 
so that it can be carried away to other 
parts of the plant. The soluble carbohy- 
drates are transported through the paren- 
chyma tissue, particularly that part of it 
immediately in contact with the vascular 
bundles, either to the regions where rapid 
growth is taking place, such as the growing 
points of stem and branches and the cam- 
bium tissues, to be utilized in the forma- 
tion of new cell walls; or they may be con- 
veyed to those parts of the plant which 
form the natural store-rooms for food 
reserves. In these special regions of the 
plant the sugar may be stored up in soluble 
form, as in the root of the beet, or it may be 
reconverted into starch as in the potato 
tubers, the root of the turnip and in seeds. 

Function of Stomata 

The stomata, which are always present 
in the green parts of plants, are the organs 
by which the gaseous interchange between 
the leaves, the green stems and the atmo- 
sphere is constantly maintained. In the pro- 
cess of assimilation, the carbon dioxide 
passes through the stomata into the air- 
chamber and is thence absorbed by the 
surrounding cells whose thin cellulose walls 
do not hinder the passage of the gas. Thus 
absorbed, the carbon dioxide is at once 
dissolved in the cell sap, and is decomposed 
by the chlorophyll plastids. The mineral 
substances are absorbed in solution from 
the soil by the root hairs. This absorption 
is governed by the protoplasm of the root 
hairs. The weak soil solution is drawn 
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into the Wronger cell sap through the 
membrane formed by the cell wall and the 
proioplasiTi. This is osmosis. 

There are two distinct processes involved 

in the subsequent ascent of the sap, 

namely, root pressure and transpiration 

through the stomata. Thus root hair and 

* 

stoma arc linked together in regulating the 
passage of the sap. You have only to cut 
off the stem of one or two branches of a 
plant in the spring of the year, to realize 
that the water taken up by its root hairs is 
being steadily pumped upwards, for fluid 
will soon be seen oozing from the cut sur- 
faces, flowing from the severed vascular 
bundles like blood from the severed veins 
of an animal- The cell walls of the root 
hairs are both clastic and easily permeable 
by water, and it is through the action of 
their protoplasmic lining that the entrance 
or exit of water is regulated. These cells, 
being already filled with sap, cannot in- 
definitely continue to take up more water. 

As the pressure steadily increases, the 
cells become more distended until a point 
is reached when they can hold no more and 
a portion of the cell sap they already con- 
tain is forced into the wood or xylem 
system of the vascular bundle. As the pro- 
cess of absorption by the roots proceeds, 
the column of water in these tubular 
vessels rises, and thus eventually reaches 
the tissues of the leaves. 

Excessive \>’ater Loss 

In the daytime, and under the influence 
of light and solar heat, the stomata of the 
leaves are active, and through them any 
excess of water is passed off into the air in 
the form of vapour. In many plants we 
shall find in addition to the stomata, the 
leaves have special water pores at their 
edges, provided to deal with excessive accu- 
mulations of water. The common nastur- 
tium {Tropaeoliim majus) of our garden is 
a good example, for on many a damp, 
humid summer night, large drops of water, 
often mistaken for dew, may be seen at 
regular intervals along the edges of the 
leaves. If these drops of moisture are gently 
wiped away, they will soon beseen tore-form, 
obviously showing that they have nothing to 
do with condensation from the atmosphere. 


Transpiration and assimilation are car- 
ried out together through the agency of the 
stomata, for the ascending current of fluid 
also brings to the tissues of the leaves the 
sap containing in solution those substances 
without whicji assimilation could not take 
place. The general structure of the stomata 
has already been briefly described, but it is 
necessary here to examine their mechanism 
in rather more detail, the better to appre- 
ciate the function of the guard cells. Now 
we have seen that these guard cells of the 
stomata are the only cells belonging to the 
epidermis which contain chlorophyll plas- 
tids, and consequently are the only epider- 
mal cells capable of carrying on assimila- 
tion. Thus, during the hours of daylight, 
they become active, forming new organic 
substances which pass into the cell sap. 

Work of the Guard Cells 

As the concentration of cell sap increases, 
water is absorbed by osmosis from the 
neighbouring cells, and thus the turgidity 
of the guard cells, necessary for their 
drawing apart to leave the pore of the 
stoma open, is accomplished. With the on- 
coming of night, the chlorophyll plastids 
cease to function, water is withdrawn, and 
the two guard cells as they become flaccid, 
tend to straighten out and so their edges, 
drawing toward each other, close the pore 
of the stoma which lies between them. 

Plants and animals must breathe to live, 
and so long as they are in active life they 
are continually taking up oxygen from the 
air and giving off a corresponding amount 
of carbon dioxide. In green plants, the two 
processes of assimilation and respiration 
go on during the hours of daylight, but 
with an important difierence of effect that 
at once distinguishes the one from the 
other. In the case of assimilation, the plant 
gains carbon at the expense of the carbon 
dioxide in the air, a constructive process 
l>y which more complex substances are 
built up out of simpler ones. In respiration, 
on the other hand, the plant loses carbon 
at the expense of its own protoplasm: it is a 
process involving combustion or oxidation, 
the product of oxidation, carbon dioxide, 
being given off again into the air. Respira- 
tion is not dependent upon daylight, but 
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takes place continuously throughout the amount given oH' by respiration; while in 
whole ptani, carried on through the pro- darkness assimilation cease'., and the car- 
toplasm, day and night, so long as the cells bon dioxide is returned to the air in the 
are active. It is only when the protoplasm process of respiration. Broadly speaking, 
is almost at rest, as in dry seeds or bulbs, though with some exceptions, the volume 
that respiration becomes very slow indeed, of carbon dioxide given olT by the plant 
During daylight, the amount of carbon in the course of respiration, is about equal 

dioxide assimilated is greater than the to that of the volume of oxygen taken in. 

Test Yourse// 

1. Of what, and how. arc the tissues of a living plant built up? 

2. What arc vascular bundles? Briefly outline their shape, appearance 
and chief functions. 

3. What is the chief work of the leaves, and how do the leaf-pores or 
stomata function? 

4. What is the chief work of the root and the root-hairs? 

5. Which of the inorganic salts in the soil are most necessary for the 
healthy growth of the plant? 

6. How are the three vital life processes, transpiration, respiration and 
assimilation carried on, and by what particular parts of the plant? 

Answers will be found at the end of the book. 
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CHAPTER V 


HOW ANIMALS GET THEIR FOOD 


A S we saw in Chapter I. the kind of 
food which animals use distinguishes 
them from plants. Practically all animals 
must get food consisting of plant or 
animal material which already consists of 
complicated organic matter. Plants, for the 
most part, make use of simple materials like 
carbon dioxide from the air or salts from 
the ground, and build up their own com- 
plicated matter by utilizing the energy of 
the sunlight. This they can do because they 
possess the very remarkable substance 
called chlorophyll, which also gives them 
their green colour. 

We have seen that because of this, 
while plants can remain fixed in one place 
and grow, using the gases and salts sur- 
rounding them, animals have to go and 
get their food in some way or other. In 
this chapter wc arc going to examine some 
of the most common ways and also look 
at some of the interesting exceptions, ex- 
ceptions which led early naturalists to 
think they were dealing with plants and not 
animals at all. 

Plants as Food 

Perhaps the commonest general way of 
getting food, because it is the easiest, is to 
eat plants. Except in the deserts and at the 
poles, There are plants growing everywhere 
in the world. Even in the arctic tundra of 
Lapland or Siberia, there are mosses and 
lichens available all the year round on 
which the reindeer feed. For this reason, 
land animals show a tendency to feed on 
grass, leaves or grain of one sort or 
another. They may not have to travel far 
to get it and as it is growing it replaces it- 
self as an apparently inexhaustible supply. 

You have only to think of the common 
birds to see how true this is; the sparrow, 
chaffinch and pigeon are seed and vege- 
table eaters and arc only too common. 
Among mammals, we find all the rodents — 
mice, voles, rabbits, hares, squirrels, 


guinea pigs, beavers— feeding on roots, 
growing shoots, grass, bark, pine cones, 
and vegetable matter generally. The great 
herds of bison, deer, antelopes, etc., are 
all grass feeders and there are probably no 
other groups of animals to w'hich our minds 
more naturally turn when we think of 
large numbers of animals as these. 

Among the invertebrates, look at the 
insects. All the caterpillars live on plants; 
beetle grubs bore into wood and many, 
like wasps, rely on fruits for a good part of 
their short lives. Some groups tend to 
specialize in decayed vegetable matter. 
Among fish, the carp are a good example 
and, of course, earthworms extract their 
food from the decaying matter and bac- 
teria etc. in the soil: wherever you have 
humus in the soil, there you find earth- 
worms. 

The only limit imposed on these com- 
mon feeders is the amount of food available 
to them. Towards the edge of the grass 
plains, where the desert is not far away, 
the plant life is very sparse. It is then a 
race to see if grazing animals, like sheep, 
can cover enough ground in a day, to meet 
enough blades of grass or small herbs, to 
satisfy their hunger and make the extra 
energy expended in covering so much 
ground worth while. Watch sheep or 
cattle grazing on our lush grasslands; 
there is no hurry, food is plentiful. 

In the semi-desert lands, the sheep feed 
almost on the run, snatching at tiny plants 
as they hurry past. Oddly enough, the 
limit may be reached in most luxuriant 
conditions, if the animals are rather lazy 
in habit. In the thick forest, elephants can 
stand and tear down as much as they want 
almost without moving. But, since they 
live in a herd, they soon clear the imme- 
diate surroundings, which are left stripped 
and bare. They then have to move on to 
another patch. The vegetation is unable to 
recuperate on these spots fast enough to 
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keep a continuous supply available for a 
herd (o li\c in the one place. 

The next most common method of 
getting nourishment is to eat animal food 
of some kind- Animals which do this are 
called carnuores [vegetable (or plant) 
feeders are called herbivores), while those 
who eat principally small insects, snails 
and worms are called inscctivorcs, al- 
though they still fall into the same category 
from our point of xiew. To catch their 
food, carnixores have to be much more 
actixe than herbivores; their food can run 
away. 

Sometimes, the hunter runs its prey 
down, like the wolves and cheetahs; others 
rely upon stalking until within range of a 
sudden leap, like the cats or the fox. 
Great numbers of fish feed on other kinds 
of animals, often themselves smaller fish. 
The great shoals of mackerel which are 
caught close to the shore, have been 
pursuing the small fry known as brit, 
usually composed of the young of several 
species of fish. 

Instead of the stalking of the land 


animal, we find that many fish catch their 
prey by remaining immobile .until the 
victim comes within easy reach of the huge, 
extendible jaws. Pike do this in fresh-water 
streams, while the John Dory, which feeds 
on prawn-like creatures, may even indulge 
in slight and stealthy movement before 
making the final gulp which draws the prey 
within its grasp. 

Carnivorous animals display all sorts of 
devices for holding on to their prey..Fish 
feeders have to grasp and hold slippery 
prey, and we find that seals and sea-lions 
have modified teeth with many fine points 
instead of the blunt or rounded teeth of 
other mammals. Alligators and crocodiles 
feeding in water, and many fish, have fine 
needle-like teeth in profusion for much the 
same purpose. 

Claws in mammals and talons in birds 
are also adaptations for holding the 
struggling prey of carnivores. Everyone . 
knows the sharpness of a cat's claws, 
although dogs and wolves, which do not 
leap on their prey, but run it down in 
packs, rely on the teeth of the whole pack 


GREEDY FEEDER 
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10 hold their victim and drag it to the 
ground. 

It is interesting ta note that the eagles 
and falcons which catch their prey by 
striking with their feet have strong, power- 
ful talons. Watch a kestrel drop out of the 
sky onto a vole; the legs are stretched down 
and the talons close on the victim. The 
beak is brought into use only when the 
bird begins to eat. A peregrine falcon may 
strike a rabbit, which is large and heavy, 
and. for some time, until it is dead, the 
struggles of the rabbit will drag the falcon 
along the ground. Unlike these birds, the 
owls have weak feet and talons: they cap- 
ture their prey with their strong, extremely 
hooked beaks, which, although short, arc 
broad in proportion and give a firm hold. 

Killing by Squeezing 

One of the most extraordinary methods 
is used by the big constrictor snalces, 
whether boas or pythons. That these 
snakes kill their food by squeezing the 
prey to death, at the same time reducing its 
thickness to manageable size, is well known. 
It is not often realized, however, that these 
snakes throw their coils almost instan- 
taneously round their prey and hold it in 


three, four or more coils so that escape is 
impossible. 

One of the disadvantages of the carni- 
vores, besides that of having to catch the 
victim, is that they have to lind their prey 
first. Plant life, we have seen, is to be found 
almost everywhere, but animal prey is 
scattered about and constantly on the 
move. A carnivore must search an area to 
come on its prey and this area may be 
quite a wide one. The larger the carnivore, 
the larger the territory it roams and tends 
to treat as its own hunting ground. If you 
li\c in the country you soon become ac- 
customed to seeing a particular kestrel 
hawking a series of lields or a hillside. 

A stoat or weasel takes up residence in a 
small district and can usually be met with, 
within its hunting area. Only when prey 
becomes so scarce as to make hunting un- 
profitable does it move on to “pastures 
new.” Some carnivores have shortened the 
odds by combining together. It is now well 
known that young lions tend to hunt in 
packs, some moving up wind and round in 
a circle so that game is driven down-wind 
to their waiting companions whom they 
join later at the feast. 

Many carnivorous animals, because of 
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ilic (JitTicultics involved in catching their 
prey, feed only at infrequent intervals. 
VN'hcn (hey do kill, however, they gorge 
themselves to repletion. The difierence 
between this type of feeding and that of 
the grazing grass feeder who keeps going 
steadily most of the time, is very marked 
and is connected with very considerable 
dilTerences in digestion and in the make-up 
of the stomach and intestines. 

How the Lower Animals Feed 
By drawing examples from well-known 
large mammals and birds wc tend to forget 
the lower animals, but here, also, we can 
find examples of both these principal ways 
of getting food. In the MoHusca wc find 
that, generally speaking, the Gasteropods 
(snails and slugs) arc herbivorous. We all 
know the damage slugs do to oiir gardens, 
and an even closer parallel to grazing is 
found in pond snails and limpets and 
winkles which crawl over the surface of 
stones and rocks and scrape off the vege- 


table growth of algae which can always be 
found as a film there, j\ist as grass and 
herbs cover the ground. 

However the Cephalopods (squids and 
octopuses) are carnivorous, seizing their 
prey with their long tentacles or arms 
covered in suckers (instead of claws) with 
which to cling to their food, tearing it 
apart with the po\yerful^ jaws which are 
two long horny projections shaped like a 
parrot’s beak. 

If we examine the third class of mollusts, 
the Pelccypoila, or bivalves, we find an 
entirely new kind of feeding mechanism 
which is the third chief type found among 
animals: this is known as filter-feeding. 
The principle involved is that the food is 
very much smaller than the animal feeding 
on it and is collected by being filtered out 
of the surrounding water irrespective of 
whether it is animal or vegetable, or, for 
that matter, indigestible mineral material. 
The only thing that counts is size; small 
enough to pass into the entrance and 



SHOOTING TONGUE 

Remarkable longue of the chameleon is seen here, making its deadly aim at a fly or other 
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It is withdrawn into a long sac in the floor of the mouth by muscles. 



NEWT DEVOURS INSECT GRUBS 

AV»7v. like frogs and wads, to which they arc closely related, are carnivorous. They feed 
on insects and small worms both on land and when they enter the water to breed. 

large enough to be held back by the filter, the current is made by the animal's passage 

The organ which the animal has de* through the water. If the animal is sta* 

veloped for this is, of course, the filter. It tionary, the current is made by the water 

may be comprised of all sorts of materials, passing through the animal. Whales, fish 

In bivalve molluscs it consists of hundreds and Crustacea go into the first category; 

of thin fleshy threads, joined at intervals bivalves, sea-squirts and sponges into the 

for strength, between which the water second. Those which pass a current of 

current must pass. In Crustacea like the water through themselves all use a similar 

fairy and brine shrimps, it is made up of the device— cilia. Cilia are fine, protoplasmic 

fine, horny (chitinous) hairs which are filaments or hairs, arranged in serried 

found on the edges of the limbs and which rows, which beat rhythmically in one 

sweep the current of water along as well as direction. 

collect the food particles. In many fish To see a wave-beat sweep across a field 
there are projections and filaments, sup- of cilia is rather like seeing a gust of wind 

ported by stiff cartilage, on the gill arches; cross a‘ field of corn, except that the move- 

they can be easily seen in the throat of the ment of the com stalks is made by a 

cod. Whales filter the krill with the whale- current of wind whereas a current of water 

bone which is made of large modified hairs is made by the beating of the cilia, Cilia 

on the lips, in fact, a moustache. work best as current producers when they 

are operating in a space not much more 
Necessity for >>ater Current than two or three times their length across. 

One thing is common to all filter feeders. Then all the water in the space or tube can 

besides the presence of a filter. There must be strongly influenced by the ciliary beat, 
be a current of water passed onto the filter On the fitter of the bivalves, the cilia can 

and through it. If the animal is very active, beat down between the gill filaments and 
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create a strong and rapid current of water 
through the slits. 

Only in sponges do we find something a 
little dilTercnt. Here, there are many iso- 
lated filaments or whips, called flagella, 
which do not work in the co-ordinated 
way cilia do, but are longer and if suffi- 
ciently numerous, as they are in sponges, 
can produce just as large a current. 

We have now dealt with animals which 
either go out in search of their food, be it 
vegetable or animal, or filler it from the 
water they cause to pass through their 
filtering apparatus. In all cases they are to 
some extent active in getting hold of food. 

Passive Feeders 

These methods cover the vast majority 
of animals but there is yet another method, 
that of simply remaining passive and taking 
whatever comes along, which at first sight 
looks as if it would be so inefficient for an 
animal that any that adopted it would soon 
become extinct. There are, however, some 
groups which have proved very successful 
feeding this way. The sea-anemones and 
corals, for instance, remain fixed and 
catch whatever happens to come within 
reach of their tentacles. It is the develop- 
ment of these tentacles which has shortened 
the odds against catching their prey. Look 
at a hydra waiting for prey. The tentacles 
are many times the length of the body and 
can intercept prey over a wide area. 

Stinging Cells 

Another device has also been evolved by 
these animals, this time to ensure that most 
of the prey intercepted do not get away. 
This device is the stinging cell, which 
shoots off as soon as anything brushes 
against it, pierces it with the barbed thread 
and so holds it. Hundreds and thousands 
of these stinging cells may fire off at a 
single water flea which blunders against a 
hydra. 

It must be remembered that in the tidal 
area, the water is moved about by wave 
action and so these stationary animals are 
able to encounter quite a lot -of water. 
This is another compensation and it is 
worth noting that most (certainly all the 
most successful and abundant forms) are 


littoral, that is, are found on and near the 

shore. Hydra, however, lives in fresh 
water. 

• There remains one group of animals of 
a very different kind; the internal parasites. 
So long as they remain in their host they 
do not carry out feeding movements in the 
ordinary sense. They are surrounded by 
nutritive material, whether in the intes- 
tines, in the blood or elsewhere. Many of 
them do not even have a mouth or gut of 
their own but absorb nourishment through 
their skins, like tape worms. Of course, 
they have their difficulties but once they 
have got their “host” everything is easy. 
We find that the adaptations are not 
directed so much towards feeding methods 
as towards ways of finding their host and 
remaining attached. This is as important 
from the aspect of maintaining the species 
in existence by breeding, as from the point 
of view of feeing. 

Relative Size of Food 

Something should now be said about the 
size of food relative to the animal feeding. 
Broadly speaking, the food may be larger 
than the animal or it may be smaller. This 
applies equally whether the food is plant or 
animal or dead matter. It is obvious that if 
the food is very much larger than the 
animal there must be some preliminary 
way of tearing pieces off. Dozens of 
examples come to mind ; caterpillars 
eating plant leaves, cats and dogs tearing 
off pieces of meat and so on. 

To take the opposite extreme, we have 
the filter-feeding animals referred to above, 
and seed-eating birds. In between, we have 
a great variety of devices for reducing the 
food to proportions suitable for further 
treatment. Ifiese are usually referred to 
under the general term of mastication but 
may comprise ordinary chewing as we 
know it by the molar teeth of a mammal, 
crushing of food between tongue-like pads 
and teeth as in some fish, rasping food into 
small particles with the radula of snails, 
cutting food into smaller pieces with the 
mandibles or gnathobases of insects, 
Crustacea or Arachnids, and tearing small 
pieces off with the five teeth of sea urchins. 
Such mechanisms are external to the 
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Parasiie whU h aiiacks the livers of sheep. The pond snail is {he internieduiie host bciween 
the excrenieni {in w hich the eggs are found) and swallowing by the sheep. If ihe eggs fall 
into the water, or waterlogged ground, they hatch into larvae which swim about until they 
find a pond snail to bore into. Otherwise, they cannot survive. 


animal for the most part, but some indulge 
in internal mastication. 

We find the gastric mill of crabs and 
lobsters most efficient in pounding the 
small fragments torn off and cut up by the 
mandibles and other mouth parts into 
minute particles which can enter the ex- 
cessively fine tubes of the so-called liver for 
digestion. Birds have no teeth and either 
bolt their food whole or swallow pieces 
tom off by their beaks. In their gizzards 
they grind these to pulp between hard, 
homy plates operated by powerful muscles. 

Althou^ all birds living at the present 


time have no teeth, but use the gizzard 
mechanism, it must not be concluded that 
each major group of animals is so uniform. 
A consideration of the mammals alone 
would soon show the error of such a co.i- 
clusion. Mammals have a definite special- 
ization of teeth into incisors, canines, pre- 
molars and molars. The incisors are 
adapted for seizing and cutting their food; 
nearly all grass-eating mammals tear the 
grass off with their incisors. The canines 
are long spike-like teeth for holding on to 
prey and are best developed in the carni- 
vorous forms. The prc-molars and molars 
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arc for smashing and grinding up the food, specialization; they must hold onto their 

real mastication: the former only are found slippery prey, and a number of small 

in the first, or milk, dentition but are points are developed on each tooth in the 

supplemented by the additional molars. seals while the toothed whales and por- 

Within the class of mammals we find all poises have a great number of small teeth 

kinds of variations of this basic arrange- each with a single point. Rodents have 

mont. First, the molars, vegetarian, car- specialized their whole dentition. The in- 

nivorous and omnivorous feeders, show cisors are reduced to a single effective pair 

considcrabledifTerenccs. Vegetarian animals which grow throughout life and are chisel- 

havc molars with elongate ridges either edged, the canines' are missing altogether 

across the teeth (elephants and rodents), or and the molars are purely for grinding, 
lengthwise (cattle and horses). Carnivores It is among the insects that we find the 
require strong, broad teeth for pulping the clearest cases of the adaptation of a 

soft, stringy meat and for crushing bones; standard mechanism to numerous methods 

their teeth have sharp but powerful points of feeding. What is regarded as the primi- 

set on a broad base. Omnivorous forms live condition of insect mouth parts is 

have a more generalized tooth, half way found in the cockroaches and grasshoppers, 

between the two, such as we find in pigs. It consists of tiny appendages designed to 

bears and man. handle and masticate small and fairly soft 

Fish caters do not require this sort of material, such as grass and other fine 

DIFFERENT TYPES OF TEETH 

Animals' teeth are adapted in different to cope with the varying types of food which 
they eat. Carnivores luive strong canines for penetrating flesh. Herbivores have sharp 
incisors for tearing grass. The arrangement in the jaw varies greatly. 
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DIGESTIVE SYSTEM OF A SHEEP 

Digi’siive orfuuis of a nouinoiH or cud-chenitig animal. The food passes first into the nimen 
and ilieiu c into the reiicidiim, where it is partially softened. Then it is returned to the mouth 

to be re-chewed. Digestion is completed in the abomasum. 


leaves, root lips and so on. One develop- 
ment of these appendages is quite straight- 
forward in the boring insects whose mandi- 
bles are so strong that they can gnaw into 
hard grains (weevils) or into seasoned oak 
(death-watch beetle) or even into lead by 
accident! Such a modification is not re- 
markable. but the production of an 
apparatus for sucking up fluids is quite 
another matter, yet it has been evolved at 
least five times among the insects: 

(1) the plant and blood-sucking bugs 
(aphids and bed-bugs), 

(2) blood-sucking flies (gnats and mos- 
quitoes). 

(3) butterflies and moths, 

(4) lice, and 

(5) fleas. I 

In each of these, the same basic parts are 
made use of but by adaptations have come 
to be used in quite different ways. 

The mouth parts of bees and wasps are 
again adaptations, this time to a com- 
bination of licking and biting. The nectar, 


or honey, is licked up by one part of the 
apparatus,, the rest being used in the 
moulding of wa.x (bees), chewing of wood 
into pulp for nest-building (wasps) and 
general manipulation of food-stuiVs in the 
many activities of the community. 

We must now come full circle in this 
matter of food supply and consider again, 
from a different angle, the relations be- 
tween an animal and its food. We have seen 
that all sorts of devices and mechanisms in 
the structure of animals enable them to 
feed in most of the conceivable ways. What 
we must do now is to find out what could 
happen if an animal became too efficient 
at gaining its food. Put simply like that, 
the answer is plain, the food supply would 
become exhausted and the animal would 
starve and probably die. In real life, how- 
ever, it is not so simple or plain, and we 
come across some of the most complex 
relations known between living organisms. 

In the first place, very few animals are 
quite so conservative as to confine them- 
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FOOD RELATIONSHIPS BETWEEN PLANTS AND ANIMALS 


selves to one sort ot food. Most eat a wide 
range but have preferences within that 
range. Even then, the preferences are 
relative, so that a very common source of 
food, although it is not a first preferena*. 
will be eaten more frequently than a rarer 
foodstuff even though the latter is highly 
prired. Seen in this light, the problem 
becomes more complex but instead of a 
fatal ending we can see that a balance 
between the availability of a food and the 
demand made upon it becomes established. 

The next point to consider is that we 
have seen there are both herbivores and 
carnivores, and that a sort of chain of food 
sources is established by these relation- 
ships. Thus grass and other herbaceous 
plants are eaten by sheep (selectively, by 
the way, as experiments on grazing show) 
and that among the food-stulTs of man are 
skeep. Man. in turn, is preyed upon by 
parasites, while the excreta arc broken 
down by bacteria and provide food 
material for vegetation. The general state- 
ment may be shown in a diagram: 



VEGETARIAN 

ANIMAL 



PLANTS > PARASITES-1- — CARNIVOROUS 

^ ANIMAL 


(HUMUS) •'BACTERIA^ (EXCRETA AND 

CARCASES) 

Obviously, even the smallest section of 


such a cycle, treated in detail, is very com- 
plex. To continue the previous example, 
sheep are not the only animals feeding on 
grasses, man eats many other animals (and 
many plants besides), w hile dozens of land 
animals contribute excreta and carcases for 
treatment by bacterial decay, and there are 
other organisms, such as dung beetles, 
which utilize excreta in their life history. 

Sections of such food relationships are 
known as food-chains and it is one of the 
aspects of an animal-plant community 
which has to be studied to obtain a proper 
idea as to how the community lives. 

Besides noticing the tendency to proceed 
from plants, through vegetarian animals 
to carnivores, we must see two other 
phenomena which appear alongside. The 
first is a decreasing numerical order, thus 
a large number of plants is wanted to feed 
comparatively few herbivores while the 
carnivores are much fewer still. The last 
part of this chain is very clear in any small 
area of countryside where the number of 
hawks, owls, foxes, weasels and badgers 
is probably small (two or three wild farm 
cats would be a large addition) but the 
number of rabbits, mice, voles and small 
birds is obviously very much greater. 

The second is an increase in size 
particularly in the animal chain. Thus 
carnivores arc generally larger than their 
prey (foxes than rabbits, cats than mice, 
and so on) although there arc exceptions 
to this as to every other generalization. 


Test YourscI/ 

1. Why is the commonest way of getting food to eat plants? 

2. Why are carnivorous animals generally more active than herbivorous 
animals? 

3. Describe some of the devices by which carnivorous animals secure and 
hold their prey. 

4. How are some of the sirhpler animals equipped to secure food? 

5. Explain some of the devices for reducing food to proportions suitable 
for eating. 

6. Why does the arrangement of teeth in mammals vary? 

7. How are the mouth parts of insects adapted to the food they eat? Name 
a few special adaptations. 

8. What is a food chain? Can you make one up, with specific examples? 

Answers will be found at the end of the book. 
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CHAPTER VI 

THE RESPONSE OF LIVING THINGS 

TO ENVIRONMENT 


T he story of any means of human trans- 
port is full of romance and adventure. 
The history of the aeroplane, for example, 
never fails to excite the imagination, and 
there is no less adventure, and considera- 
able humour, in the evolution of the motor- 
car, the steam-engine and even the ordinary 
bicycle. 

But we take our legs for granted, as we 
do those of familiar animals. It seems 
natural for the horse to trot on all fours, 
the monkey to climb, bats and birds to fly. 
But was it always so? Did walking, or 
flying, just happen? The story of evolution 
shows the propulsion of any living body 
under its own power to have been a long 
and tedious process of development, with 
many failures by the way and some most 
spectacular triumphs. 

Amoeba— which the reader will already 
have met in these pages— represents 
animal life at its lowest. It has nothing 
which by the widest stretch of imagination 
could be called a brain or a heart, no 
skeleton, no true muscles, but it is an 
animal in that it depends for existence 
upon organic matter, and it moves: moves 
with a freedom immeasurably beyond that 
of any plant. 

By thrusting out portions of its minute, 

gelatinous body, amoeba can advance, 

side-step or reverse, to an unlimited extent, 

though always at a tardy pace, in water or 

in soil. It thrusts backwards, and so forces 

itself forward to another point in space. 

• 

First Animals \>'ith Shells 
At some remote period in the world’s 
history, long before the first reebrded fossils 
of some five hundred million years ago, 
creatures akin to amoeba were able 
to collect minerals from the surrounding 
water and make shells for themselves to 
live in. These were often exquisitely 
fashioned and of infinite variety. Such 


creatures are the foraminiferu whose empty, 
discarded homes largely compose the South 
and North Downs, the cliffs of Dover, and 
other well-known chalk deposits. Millions 
of miles of the ocean floor are covered 
with a fine, heaving, treacherous ooze, a 
semi-fluid mud— the shells of countless 
billions of foraminifera and allied creatures. 

In the fullness of time, much of it will 
be compressed into chalk rock, and some 
submarine eruption of perhaps two million 
years hence upheave it to form chalk 
cliffs or downs as yet unnamed. The animals 
which live in these tiny shells thrust out 
from minute holes arms of living jelly 
substances— protoplasm— and so somehow 
contrive to move themselves from one 
spot to another in the eternal quest for 
another meal. Of the remains of such 
moving homes arc built not only the chalk 
hills of Britain, but the hard limestone used 
to fashion the pyramids of Egypt. 

Somewhat higher in the scale of life is 
the sea-anemone. This creature, so static 
to the casual observer, can slowly glide 
along on its base and thrust out tentacles 
like the multi-coloured petals of some 
wonderful flower unfolding. The sea-urchin 
— a mere globular box of shell to the eye — 
can walk up a pane of glass, and the 
starfish can not only do the same but turn 
itself right side up, if laid on its back, in 
a few minutes. Like the urchin, it does 
this by means of what look like little glass 
rods, each with a round sucking disc at 
its end. But like the sea-anemone's tentacles, 
they are really hollow tubes of thin but 
very strong skin, filled with water. 

The anemone’s tentacles, like the bulk of 
its body, and also the tube feet of the 
starfish and the sea-urchin, are very similar 
to the fingers of a glove. They are pulleJ 
in, from the top downwards, when not 
in use. When wanted, the glove finger can 
be pushed out, inflated by water, the result 
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of a complex mechanism which we shall 
not attempt to describe here. Every part 
of an animal, or plant, is in constant 
mo%ement by just the same forces as move 
Its outward shape. We are here concerned 
chieflv with the exterior. 

There may seem little analogy between 
the garden worm shoving the soil behind it, 
as each of its hundreds of rings pushes 
against the soil, and. say, a butterfly. 
But links in the chain are not wanting. A 
well defined link is an animal called 
Peripaius. It is found in most warm climates, 
and a man turning it up whilst digging 
in South Africa, say, might wonder, if he 
wondered at all. whether it was a worm 
or a centipede. It seems to be a connecting 
link between the worms and all those 
jointcd-limbcd creatures we class together 
under the name of Arthropoda, the insects, 
spiders, crabs, lobsters — many thousands 
of diflcrcnt kinds of each. 

Now. these animals have, in the case of 
the insects, six legs, the spiders eight legs, 
crabs and lobsters ten, and the centipedes 
and millipedes anything from a few score 



to hundreds of legs. Jmagine such an 
animal getting its legs mixed up or falling 
over its feet, as sometimes happens to 
human animals with only two to control. 
But such a contingency never occurs in 
these animals. Their many pairs of legs 
always work in alternate pairs. 

Earliest Walkers 

Animal movement— propulsion through 
.space— must not be thought of only in 
terms of modern man. Whilst the worms 
were groping their way through the sea 
mud two thousand million years ago, some 
other animals were finding a very different 
way of making their worlds shrink. The 
clams and snails, for example, were using 
their strong muscular feet to travel in a 
much more purposeful manner than any 
worm. A pond snail can plough through 
stiff mud, relatively speaking, with far 
more headway than a modern bulldozer. 
A pond mussel as big as a tank could 
push the average pier sideways. 

Some related animals, like the mussel 
or the little fresh-water cockle. Pisidium, 
not only use the foot for progression, but 
spin with it strings of silk, which attached 
to some solid object will withstand a gale 
or a tidal wave. The snail's muscular foot 
will find a grip anywhere, especially if it 
is wet. A big snail like Achatiiia. from 
Africa, can cover a foot in well under a 
minute. 

Side by side with all this progress of long 
ago, a race of molluscs, called the Cepha- 
lopoda ("headfooted")— the octopods, 
cuttle-fishes, squids and ammonites, 
creatures akin to the pearly nautilus — had 
mastered the very latest marvel of our age 
— jet propulsion. These animals breathe by 
drawing in water through a siphon pipe, 
passing it over the gills, which take the 
place of our lungs, and expelling the 
••exhaust." The pipe is so placed that by 
breathing hurriedly each expulsion of water 

SNAIL'S MUSCULAR FOOT 
A snail can push along at a considerable pace 
with his so-called foot. Actually, the whole 
under part of the body forms a muscular sole 
with remarkable gripping powers. 



FLYING BLOSSOM BUTTERFLY LANDING 
Buiier/iies fly in the true sense of the word. This Ameruan hniier/ly {Tropaea sehnc) has 
two long projections at the back of the wings which facilitate downward /light. 


forces the animal backwards at a con- However, mere planing was soon discarded 
siderabic pace. An octopus, for example, for well directed flight. Cockroaches and 
can shoot through the water backwards beetles have but one pair of fully manage- 
at about four miles an hour. A lobster, able wings. The upper and larger pair arc 
more nearly related to the insects than the mainly wing covers, but still enable the 
octopus, achieves the same end by simply owner to lake flights of varying length, 
snapping its tail. The force of the water as the wind permits. Very different is the 
so ejected sends the animal backwards, flight of the butterfly where both wings 
A lobster is so well supplied with sense arc under direct control, 
organs that it can reverse like an arrow 

into some sheltering rock crevice, with an Flying Animals 

accuracy that might well excite the envy of Flight has indeed been achieved by 
many a car driver. many groups of animals in greater or 

In this attempt to trace animal movement lesser degree, and by the most dissimilar 
chronologically it would seem that the’ means. Long after the insects came into 
mastery of the air was first achieved at being, the reptiles achieved flight of a 
its very latest during the formation of our kind.' Their greater triumphs were in the 
coal beds about two hundred and fifty so-called Cretaceous period, about one 
million years ago. The problem that is hundred million years ago. At that lime, 
now shaping our lives was first solved by when the dinosaurs were an established 
the insects. The fossil evidence of early order on land, and the sea teemed with 
insects is very incomplete, but it is sufficient giant lizards, turtles and sea snakes, the 
at least to hint that the first flying insects reptiles ruled the air. The pterodactyls, 
had three pairs of wings. They were doubt- or wing-fingered reptiles, swarmed in all 
less clumsy structures, no more than partsoftheworld. Remainsofthem.ranging 
amplified scales, outriggers as it were from in size from those of a thrush to animals 
the general body structure. with a wing-spread of eighteen feet, have * 

With these, the insect planed from point been found even in the British Isles, 
to point, usually in a downward direction, A typical pterodactyl — or winged dragon • 
but doubtless often aided by the wind, to use the popular and misleading name 
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—must have looked somewhat like a 
plucked chicken with a very long and 
toothed beak, and a huge pair of skinny, 
bat-likc wings stretched on either side 
between the ankle joint and the tip of the 
fourth finger. This finger was enormously 
enlarged — sometimes for a yard or more. 
The remaining fingers were normal, and, 
one assumes, used for climbing. There were 
usually four workable toes, either a long 
tail or Ihc merest vestige of one. The eyes 
of this strange creature were big. 

Mysterious Departures 

Such was the flying dragon of a kind that 
must at one time have swarmed like rooks 
about the cliffs and waterways of Britain, 
quite apart from their presence in more 
exotic scenes. That these creatures should 
have become extinct so suddenly is as great 
a mystery as the utter and equally sudden 
extinction of the dinosaurs. It is to some 
extent more surprising, for the pterodactyls 
must have lived largely, if not exclusively, 
on fish, and where fish are, the fish-eating 
creature can generally pick up a living. 
But the pterodactyls vanished, and, one 
fancies, only the naturalist regrets their 
departure. 

The nearest approach to flight enjoyed 
by any living reptiles is seen in the fringed 
gecko, the flying lizards and snakes of 
Borneo and Malaya. In these creatures, 
flight is merely a matter of gliding, achieved 
by a sudden expansion of the ribs, which 
stretches the skin so tightly as to form a 
sort of kite. By this means the animal 
travels on the wind, usually in a downward 
direction. It is far less directable than the 
flight of the gossamer spiders. These 
creatures can mount to the top of a grass 
blade, and let loose from their spinnerets 
three or more strands of silk. The strands 
catch the wind and -waft the spider to 
fresh hunting grounds. When the spider 
wishes to alight, it simply furls sail by 
winding in some of its silk. 

Flying Creatures of the East 

The East, for some reason, is the world’s 
principal habitat of gliding animals. From 
Madagascar, Ceylon, India, the East Indies, 
China and Japan come the weird flying 


frogs. These have all their digits, four 
fingers and five toes, so amply webbed that 
they form very serviceable supports on 
the heavy, moisture-laden air when the 
frog takes a literally flying leap from one 
treetop to another. 

An almost exact replica of this is seen 
in the weird cat-size fruit-eating lemur, or 
cobego, of Malaya, but its planes are aug- 
mented by great sheets of very elastic skin 
extending from the little finger of either 
hand to the corresponding great toe. 
Various flying squirrels from Borneo and 
Africa are similarly fitted with planes, but 
they are differently arranged in the two 
races. 

In the African squirrels, the plane is 
supported on a finger-long extension of 
the elbow joint; in the Asiatic, from a 
similarly grotesque development of the 
wrist; and a few kinds of phalangers — 
Australian opossums— have a very similar 
apparatus running from chin to wrist and 
from wrist to ankle. 

Flight and Man 

Bird flight has been the subject of many 
volumes. It fired man’s imagination from 
the first until, after innumerable tragedies 
— crystallized in the legend of Icarus — 
he came into what he now largely regards 
as his own. The bird’s wing, it may be 
said, is simply an arm, fitted with feathers, 
and feathers are split-up scales, one in 
substance with skin, horn and hair. Early 
human efforts to achieve flight foundered 
owing to their slavish modelling on the 
flight of birds. 

Only when the motive power of the 
flying machine, the engine, was made a 
separate body from the air-resisting 
structure, the plane, did human flight 
become practicable. A bird’s wings have 
their chief motive force in the muscles 
attaching them to the breastbone. In the 
extinct flying dragons and modern bats, 
the breastbone is poorly developed, but 
in such birds as the swallow and humming 
bird it is exceedingly light in relation to 
the engine built to carry it. It has been 
estimated that for a man to be able to 
fly like an eagle he would need feather-clad 
arms at least eight feet long, with a breast- 
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LIMBS OF SOME FLYING ANIMALS COMPARED 
Limbs of the so-called flying animals arc adapted in various u m-y to enable them to glide 
ihroiigb the air. Four of the bat's fingers have become elongated and webbed to form a 
membranous wing ; only the thumb is free. Flying frogs have fingers and toes webbed. 
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bone extending to his knees and protruding 
a good two feet beyond his chin. 

From night to swimming may seem a 
somewhat violent transition but, funda- 
mentally, the two forms of progress are 
much the same. The water offers a denser 
medium, that is all. The swimmer, like the 
airman, must find a way to thrust it behind 
him, to use it as a lever. 

How Fishes Swim 

By all the evidence, i.e. of fossil records, 
vertebrate life was well established in the 
water millions of years before it invaded 
the land. The first fishes and half fishes, like 
the lampreys, swam in a worm-like .manner, 
with sinuous movements of the body, and 
later fishes, like the skates and rays, attuned 
to living close to the sea floor, use this 
sinuous movement not from side to side 
but in an up and down direction of their 
great pectoral fins or wings. Watch these 
fins in a skate, and you will see they 
reproduce the action of wind-pressed 
waves, racing shorewards. The higher fishes 
like the cod, mackerel or tunny, use their 
paired breast-fins very like oars, or hands, 
but largely for backing or turning corners. 
The principal motive is supplied by the 
tail, just as it is in the crocodile, some 
aquatic lizards and worms, and the beaver 
and musk-rat. 

The beaver, however, offers an interesting 
example of the same parts of the body 
being put to the same uses by quite 
different animals. The musk-rat’s tail is 
flattened like that of a fish and is 
“waggled” in the same way. But the 
beaver's tail is compressed horizontally 
like that of a whale, porpoise or manatee 
and gives a rocking-horse quality to the 
owner's mode of swimming. The beaver, be 
it noted, is first cousin to the rabbit, the 
whale, a flesh-eating beast once, has taken 
to the water, and the manatee is a not too 
distant relativeofthe plant-eating elephants. 

All other mammals, even such adept 
swimmers as the otter, polar bear and sea- 
lion, may be said simply to walk under 
water. They largely reproduce the same 
movements of the limbs as upon land. The 
webbing of the otter's and sea-lion’s limbs 
is merely a natural outcome of long sojourn 


in a particular environment. Both animals 
are essentially the same under their skins. 
The polar bear has enormous stayingpower 
but is a slow and clumsy swimmer. It 
relies almost entirely upon its fore paws. 
The hind are used for steering and braking. 

The very few birds that can be truly 
said to swim under water do so by one of 
two methods. The cormorants and shags 
force themselves through the water by a 
terrific exertion of their extravagantly 
webbed feet. The penguin, and to a lesser 
extent the guillemot and razorbill, however, 
literally fly under water. The penguin has, 
for its size, a heavier skeleton than any 
other bird, and this, combined with its 
ample lungs, enables it to take under- 
water flights of many minutes with no 
appreciable effort. Its heavy feet, so clumsy 
upon land, aid it in turning in half its own 
length whilst travelling at full speed. 

Prehensile Tails 

Before considering normal quadrupedal 
progress, and the possible steps taken to 
achieve our own accepted carriage, it is 
worth while to note how almost every part 
of the mammalian make-up except the 
head, has been utilized as a means of 
travel. The head, indeed, always remained 
in command and dictated movements. Just 
as many aquatic creatures rely on their 
tails for engine power, so, ashore, some 
few animals have put the tail to far greater 
use than as a mere' fly whisk or balancing 
pole. The harvest mouse is the only 
mammal in Britain to possess even a 
partially prehensile tail, but in other and 
more densely wooded lands, that useful 
appendage has been trained to the service 
of a fifth hand. Familiar examples are the 
spider, howler and woolly monkeys of 
South America. 

But quite as efiicient are the prehensile 
tails of the American opossums, a variety 
of Australian marsupials, the various tree 
porcupines, and two semi-carnivorous 
creatures, the kinkajou or honey-bear of 
Brazil, and the far-eastern cat-bear or 
binturong. The honey-bear’s tail is not 
only a very helpful climbing organ in the 
way of normal progress, but it provides a 
handy means of escape if the animal is 



HIRDS IN FLIGHT 
The wiiia of a hinlis really a nioJi- 
fied forelcii and corresponds lo ait 
aria in a nian, which il re\einhles 
closely in slniclnre. Dal in a bird 
ihc bones of wrist and palm hare 
become iiniied and only three liny 
fingers remain. The wing feathers 
iqnills) ore long and strong and 
overlap to make a broad surface to 
push against the air. On the 
upward stroke the feathers sepa- 
rate slightly to allow the air to 
pass through, thus lessening the 
pressure. The under surface of the 
wing is concave, an important 
factor in flight. There are various 
types of flight. The gull itop left) 
is simply gliding through the air; 
the Australian .seagull {right) is 
using his wings in a downward 
swoop while the gannei {top right) 
is braking preparatory to landing. 






attacked by bees. The kinkajou often 
hangs head downwards by its tail to rob 
a hive and, overstaying its leave, brings 
out the swarm in full fury. When even its 
dense hair and tough skin seem in jeopardy, 
it actually climbs up its own tail and so 
escapes to the branch from which it was 
suspended, and the safety of denser leafage. 

It is tolerably certain that man evolved 
from some arboreal stock, although, as 
Darwin pointed out (and has been per- 
sistently misquoted), not necessarily from 
monkeys. The more generally accepted 
view today would seem to favour some 
branch of the ape stock. That he came 
to walk erect gradually is certain, and that 
not without an effort, scarcely less so. The 
gibbons of Malaya and the Far East habit- 
ually run along tree branches whilst in an 
erect attitude. The faster they move, the 
more easily the upright pose is maintained. 
It is significant that in the Philippines lives 
a race of jungle folk who habitually make 
long journeys via the tree tops. They use 
horizontal branches as roadways and main- 
tain equilibrium by means of a balancing 
pole, just as the circus artist makes his way 
over the tight rope or slack wire. 

No phase of terrestrial travel, indeed, has 
been left untested by the inquiring mind of 


SPIDER MONKEY 

Spider monkey hanging by its long prehensile 
tail, which serves it as a fifth hand and 
prevents it from falling as it swings itself 
from tree to tree. The tail is extremely 
sensitive and has considerable gripping power. 


the mammal. The mole can almost fiy 
through loose, dry soil with the speed of a 
penguin under water. The mole probably 
has the most powerfully built shoulder 
muscles, for its size, in the world. It has 
been estimated that a mole as big as an ox 
could bore a Channel tunnel in a week. 
Leaving this improbable proposition, it is 
interesting to note that the world's most 
proficient burrowing animals all approxi- 
mate to the same cylindrical formation and 
powerful development of the fore part of 
the body. Examples that readily commend 
themselves are the mole cricket, the various 
burrowing prawns, such as Gebia, and even 
the now rather out-of-date basset hound, 
originally bred, and once largely used, for 
negotiating badger earths. 

It is a matter of much less than a century 
— indeed since the early days of the cine- 
camera — that the precise manner in which 
quadrupeds move has been really under- 
stood. By means of cine-photography, 
movement can be studied and analysed, 
and quadrupeds are now grouped into two 
classes, rotatory and diagonal walkers. 

Man may flatter himself that he is a 
biped, but he swings his arms with alter- 
nate legs, the normal habit of diagonal 
walkers like the monkey, bear and many 
other quadrupeds. The dog, and many cud- 
chewers such as deer, elk and antelope, on 
the other hand, employ the rotatory gait, 
i.e. the feet strike the ground in regular 
succession, starting off with the right hind 
and passing clockwise via left hind, left fore 
and so to the right hind again. In the dog, at 
least, the sequence may equally well be anti- 
clockwise. there seems to be no hard-and- 
fast rule. The bear and many allied animals 
have always one foot on earth, but when 
horse and dog are going “flat out” there is 
a moment in each stride when all four feet 
are clear of the ground. 

In none of the non-arboreal quadrupeds 
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docs the tail play any important pan. But 
in the few fishes that come ashore and 
make brief excursions overland it is a ver\' 
important factor. The anabas, or so-called 
climbing perch ot the Far East, for exam- 
ple. not only scrambles along on its breast- 
fins, but by bending its tail against some 
stable object and then suddenly straighten- 
ing out gives itself a very appreciable for- 
ward thrust. The little gobies, known as 
mud skippers, that swarm in the paddy 
fields of Malaya, use their tails so that they 
jump with the agility of frogs. 

Bipedal walkers, when they use the tail 
at all. use it as a balancing organ, swinging 
it to the same side as that of the out-thrust 
leg. So moves the little frilled lizard of 
Australia that habitually runs on its hind 
legs when in a hurry. 

One method of progress that falls into no 
particular aitcgory remains to be men- 
tioned, the curious stride of the leeches, 
looper caterpillars and a few other crea- 
tures. These animals have sucker pads at 
the hinder end of the body and they move 
by alternately stretching forth the head end. 


taking a fair grip of territory with legs or 
mouth, and then, by humping the body, 
tail and head literally meet. Some leeches 
can travel thus at a fair speed, with a stride 
of as much as half a hand's length. 

Finally, a word on speed, one of the 
watchwords of our restless age. Here again, 
modern machinery has reduced what was 
once vague eye measurement to hard facts. 
The stop-watch and the speedometer have 
given us some very interesting statistics ol 
animal movement. 

The cheetah, or hunting leopard of India 
and Africa, holds the world's record for a 
quadruped over a short distance, say, one 
hundred yards. It can cover this at a rate 
of seventy miles an hour, about half that ol 
the fastest train. Next in order come the 
pronghorn antelope and gazelle, sixty miles 
an hour, the rabbit forty-five, wild ass forty, 
whippet thirty-five and emu thirty-one. 

The air. olTering less resistance, has 
enabled some birds, such as the golden 
eagle and vulture, to make extraordinary 
spurts of from ninety to one hundred and 
twenty mites an hour and even quite small 
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birds, like the crossbill and flycatcher, can 
make scarcely less surprising speeds in rela- 
tion to their size. 

Water, densest of mediums supporting 
life. otTers comparatively modest records, 
even on the part of powerful animals. The 
salmon's best speed is estimated at seven 
miles an hour against the ten miles an hour 
of a submerged submarine. The record is 
held by the swordfish with sixty miles an 
hour. No whale can exceed thirty miles an. 
hour, 

Snakes, to the careless onlooker, seem to 
glide imperceptibly at lightning speed, but 
their rate of progress is at best relatively 
slow, and much depends upon the surface 
covered. A snake moves by thrusting the 
edge of each abdominal scale against the 
earth, and then by a powerful muscular 
effort levering itself forward. Moreover, a 
snake quickly tires, by reason of the exer- 
tion needed to force its limbless length 
along. Continuous friction acts as a brake. 
Impressive as the speed of a serpent may 
appear, it seldom if ever exceeds three miles 
an hour. 

Much research yet remains to be done 
concerning the rates and methods of pro- 
gression in animals, and the work to date 


has often helped materially in solving prob- 
lems of human transit. 

That extraordinary and incomparably 
complex telegraphic system permeating 
every part of the human body, loosely 
summed up in such words as nerves, feeling 
or sensibility, is often all too painfully 
apparent. Most of us also have a sort of a 
cui-and-dricd conception of the chief cen- 
tres of this sensibility or feeling. The head 
is obviously the main centre. We regard the 
tongue (quite erroneously) as an organ of 
taste, the eye as a means of vision, the cars 
as our chief, if not only organ of hearing. 

But when we take a wider survey of the 
world around us, and consider not our- 
selves, but the lower animals, all of these 
age-old preconceptions go by the board. 
We arc reminded of the elder Mr. Weller, 
when, speaking of that legal luminary Mr. 
Solomon Pell, he sagely observed: 

“A limb o’ the law, Sammy, as has got 
brains like the frogs, dispersed all over his 
body, and rcachin' to the wery tips of his 
fingers." 

Wide of the mark as this statement was, 
it was not so very wide. Travelling down 
the animal scale we see apparent topsy- 
turveydom the order of the day. Quite 


DIAGONAL WALKER 

Aiiinuih which, like the bear, pul the front fool down alternately with the back foot are called 
diagonal walkers. A bear also differs from many quadrupeds in walking with the whole of Its 
fool Jloi on the ground. Most animals walk on the toes only. 








WORLD’S SWIFTEST MAMMAL 

Clurwh. or huotios kopanl. hoUs ,he ^ orUS record for speed o,m„g pumouds I, has 
been kno\en lo cover short dhumccs at the amazing rate of seventy miles an lioin. 


common animals use the tongue chiefly as 
a guide in the dark, or as a fishing rod. 
Others carry their ears on their knees and 
elbows; taste organs can be planted be- 
tween the shoulders, eyes carried in the 
most unlikely places. As for the great 
centre of feeling— the brain, it can be so 
lacking that an animal may be cut into 
many portions and experience far less in- 
convenience than a man tripping over a 
door mat. That ■‘heart in the mouth” feel- 
ing has no meaning at all for the great 
majority of invertebrate animals. 

Centres of Sensitivity 

Nerves, by which all animals feel, are a 
special kind of highly-sensitive tissue that 
in all vertebrates, mammals, birds, reptiles, 
amphibians and fishes culminates in a mass 
of the same material, which we call the 
brain. This mass is situated in the head. 
But in most of the invertebrates, even when 
a head is present, the brain is no more than 
a minute joining up of the nerve threads. 
It leaves no room for thinking. The com- 
plex behaviour of insects, their often won- 
derful nest-building for example, cannot be 
said to have its root in thought. The insect 
appears to be a mechanism wound up to 
perform certain actions. It cannot move 
outside of its narrow role, so to speak. 

If we study some invertebrates lower in 
the scale, the molluscs — snails or oysters, 
or such creatures as the spiny-skinned 
animals, the sea-urchins and starfishes — we 
shall find there is not even a definite centre 


of nervous control. Instead there are a 
number of such centres. In the starlish. the 
main nerve centre takes the term of a 
circular track. If one, or even several arms 
arc torn ofi*. the rest experience no pain 
nor are they even incommoded. The break 
is soon healed, and the dismembered limbs 
go their way. finding and assimilating food. 
Yet a starfish is sensitive in many ways, to 
touch for example, and even to light. 

If we consider the diflerent well-defined 
senses, that of sight is the first to suggest 
itself. The normal person relics upon it 
more than on any other sense perhaps to 
apprize and appreciate the world around. 
But sight is a sense with a wide range of 
quality. Some of the single-celled animals 
that throng the waters, both salt and fresh, 
have nothing that can be chilled eyes. Yet 
they are often very sensitive to light. 
Higher in the scale— the worms have 
special organs that respond to light, but 
scarcely answer to eyes, as we understand 
them. In the molluscs, however, creatures 
much lower than the insects and other 
jointed-limbed animals, eyes attain a won- 
derful pitch of development, and are car- 
ried in a variety of ways. Some snails, like 
the common pond snail, Limnaea, or the 
limpet, have the eyes placed at the base of 
the tentacles, or horns. 

In most of the land snails they are 
planted at the tips of extensible horns that 
when not in action can be closed down by 
being pulled inwards very like the fingers 
of a glove. The two-shelled molluscs, such 
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a$ the oysier and mussel, are as often as 
not without definite eyes. But the scallop s 
show as vivid jewel-like beads spread along 
ihe outer margins of its general body 
covering, the mantle. The highest of all the 
molluscs, the octopods and cuttle-fishes, 
have huge paired eyes with hard crystalline 
lenses. In some countries, such lenses are 
often used for human ornament and were 
popular counterfeit eyes in the mummies 
of ancient Egypt. 

Many-faceted Eyes 

Amongst the jointcd-limbed animals al- 
ready referred to— the insects, crabs, lob- 
sters, spiders and so forth — we often meet 
with a totally different sort of eye. The eye 
of a house-tly. for example, though built on 
the same general principle as every other 
eye. i.c. a lens which projects the view 
before it on to a sort of screen, has its sur- 
face divided up into a great number of six- 
sided plates. In many butterflies there may 
be some thousands of such plates. But the 
brain, or chief ner\c centre, does not neces- 
sarily receive thousands of images. Rather 
it may be compared to looking at the world 
through a latticed window, each little pane 
of which gives its small view of the world 
and all summing up to make a perfect 
whole. 

In some invertebrates, notably the king 
crabs (Lintuliis) of tropic waters, there is 
the strange organ known as a median 
eye — placed centrally between the eyes 
proper. Surprisingly we meet an organ in a 
similar place, atrophied from disuse, as a 
survival in a famous vertebrate, the tuatara 
lizard of New Zealand. This little reptile, 
rigidly protected by law, is the last repre- 
sentative of a group which had its heyday 
at least seven hundred million years ago. 

Disposition of Eyes 

But in the great mass of vertebrates we 
meet eyes, readily understandable paired 
organs, much like those with which we 
view the world, albeit they are disposed in 
an endless variety of ways according to 
their owners’ needs. Often there is a third 
eyelid, the nictitating membrane, which 
can be drawn across, not downwards or 
upwards to cover the eye. Eyelids are 



MAGNIFIED NERVE CELL 
iS'ene cell from the brahi, the centre o; the 
nervous system in vertebrates. Nerve cells 
transmit messages from the brain to all parts 

of the body. 

absent in fishes, possibly because being 
immersed their eyeballs have no need of 
lubrication. In other vertebrates, the eye- 
lids not only cover the eyes from the light 
when needed, but serve to spread evenly 
the fluids that continually wash the eye and 
prevent it from drying up as it would other- 
wise do very quickly. One group of fishes 
only, certain of the sharks, for e.xample the 
common spotted dogfish, can close the 
eyes, a faculty which has caused it to be 
regarded with awe by some seafarers. 
Cornish fishermen will put dogfish overside 
with something very like reverence. 

The eyes of fishes are placed in a vast 
number of ways. Usually there is one on 
either side of the head, but the skates, 
swimming on one side only, have both 
placed on top. The skate is really only a 
flattened dogfish. There are many inter- 
n)ediary forms, as for e.xample the common 
monk or fiddle fish. But in the more popu- 
lar flat fishes — plaice, turbot, sole and so 
on — the young fish is not hatched like a 
skate, prepared to swim on its flattened 
underside with both eyes set on the upper 
or coloured surface. Instead, it comes into 
the world much like a round fish, as 
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SIMPLE AND COMPLEX EYES 
Eyes vary from the simple type with no 
focusing power, found in some of the worms 
and lower invertebrates, becoming ever more 
complex in the ascending scale of life and 
culminating in the human eye, which sees 
more than any other, except perhaps, a bird's. 



2. EYE WITH OIRECTION SENSE 



4. COMPOUND EYE 




fishermen call them — the cod, mackerel, 
and so forth. Like these fishes, too, the 
little plaice swims “ on edge ” in the sea. 

But within a few weeks or months after 
hatching it sinks down from its nursery 
playground in the upper water layers 
towards the sea floor, at the same time 
tilting to one side. By the time it comes to 
rest one side only, the coloured side, is 
exposed to the sea. The other lies for ever 
pressed to the sand. During this process a 
remarkable change overtakes the eyes. The 
eye that would otherwise be undermost 
slowly creeps round the upper edge of the 
fish's head, until it joins its fellow. Finally, 
the two eyes lie side by side, a marvellous 
adaptation to altered needs. 

Eyes that Work Independently 

Like the eyes of the famed chameleon 
the eyes of most fishes work independently. 
In all birds and mammals they move in 
unison. A fish, therefore, can cover a 
remarkable range of vision, and being able 
to look in two opposite directions simul- 
taneously, has an ideal command of possi- 
ble eatables as also of approaching foes. 
The migratory eye of flat fishes may move 
to the right or left side, according to the 
species. This unique adaptation was dis- 
covered by the famous Francis Tresilian 
Buckland towards the end of last century. 

The young of some deep-sea fishes, like 
those of some squids and tropical crabs, 
have the eyes mounted on stalks as long as 
any snail’s. In the little tropical mud- 
skipper they are poised merely on short 
pedicles. Fishes’ eyes may be minute, as in 
the Cuban and other cave fishes, or enor- 
mous like those of the bream. One very 
remarkable little tropical fish known as 
Anableps. or the four-eyed fish, actually has 
the pupil split, so that, swimming always at 
the surface of the water, it enjoys bi-fo»l 
vision. It can with equal facility spot fly 
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perleci insects winging their way overhead. 

Birds, as will have ^cn pointed out else- 
where. are but glorified reptiles. In their 
egg-laying habits, general skeletal struc- 
ture, retention of scales and covering of 
feathers, which are but scales split up— 
they declare their reptilian ancestry. Most, 
if not all lizards, have the eye strengthened 
by a ring of overlapping bony plates. 

These rings can be seen with ease in any 
bird, and in some they reach a most 
extravagant development, The sclerotic 
rings (as they arc called) of an owl's eye are 
so big that in an eagle owl they may reach 
the dimensions of an average pill-box and 
be of vastly stronger substance. 

Even in mammals, the eyes show con- 
siderable diversity of position. In our- 
selves and next of kin, the apes and 
monkeys, both eyes look to the front. 
But amongst all the grazing animals, 
expectant as they are in the wild of per- 
petual attack from behind or either side, 
the eyes occupy much more lateral posi- 
tions. A backward glance is possible with- 
out, as in ourselves, an appreciable move- 
ment of the head. Despite their deep orbits, 
most mammals' eyes are surface structures, 
with little to obstruct a clear view ahead. 
In some desert-dwelling apes, however, like 
baboons, they are deep-set beneath beetling 
brows, probably as a protective measure 
from the glare of the sun. A baboon, like 


an eagle, depends upon a continuous 
downward scrutiny of its world m order 
to discover food. 

Some few mammals have the eyes set 
high up in the head— almost in little towers 
of bone— periscopic eyes. This is a charac- 
teristic of aquatic creatures. It is seen at its 
best in the hippopotamus, which m this 
regard imitates two creatures much lower 
in the scale, the crocodile and the frog. 
The largest of all mammalian eyes, in pro- 
portion to their wearer, arc those of the 
spectral tarsier. a liny nocturnal lemur of 
Borneo. The smallest eyes, in relation to 
the animal, are those of the whale, hut 
other sense organs apparently compensate • 
for any poverty of vision. 

Second-prized Sense 

Most humans probably cherish hearing 
next to eyesight as the most precious of 
their senses. To the blind it is all in all. and 
to many others hearing is the faculty by 
which they can apprize and enjoy some 
of the arts. Ears vary much in their com- 
plexity of design, but sutlicc to say. here, 
that the ear proper, i.c. the internal ear, is, 
with all its intricacies of ossicles and other 
features, reduced in essence to a stretched 
membrane — a drumhead. Sound waves of 
any kind striking this drumhead are car- 
ried by vibration to the brain. 

To most of us. however, the word "ear" 
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invariably calls up the external ear — a mere 
sounding board or receiver, standing out 
from the head and fashioned to catch all 
airborne messages in its vicinity. The degree 
to which mammals rely on sound for their 
livelihood or safety may be gauged by the 
size and shape of their external ears. In the 
tunnelling mole, or shrew, and the deep- 
diving whales and seals they have virtually 
vanished. But in the plains or jungle beasts, 
elephants, horses, deer, dog. rabbit, etc., 
they are often enormously developed. 
Usually these ears can be swivelled by 
means of powerful muscles, to sweep 
through half or more of a circle. 

Remnants of these muscles still remain 
to man, but they have almost wholly 
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atrophied from disuse^a tribute* to how 
much mote reliance man places on the 
faculty of sight. Only a very few penons 
can even twitch their external ears. Once 
the ear-drum is destroyed little can be done 
to offer a substitute. But of recent years 
various devices may in some cases of deaf- 
ness give the sufferer at least an indication 
of noises, i.e. sound waves in his vicinity. 
Vibrations of a kind may be felt with other 
parts of the body, notably, it is claimed, by. 
the back of the neck. 

Birds have their external ears covered by 
a sheaf of feathers, probably as a protec- 
tion against dust, but they are nevertheless 
present and can easily be seen in any bird 
by gently blowing against the feathers at 
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NERVOUS SYSTEM OF AN INSECT 

The nervous system and brain of a cockroach are typical of most insects. There is a douMe 
nerve cord with nine ganglia^ from which nerves radiate to different parts of the body. 
The chief sense organs are the eyes^ the antennae and the maxillae. 
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MECHANISM OF RABBITS EAR 

Essential pan of the ear is the inner ear which consists of two hollow hags connected hy a 
Y-shapetl tube, the endolyinpli duct. The cochlea is a snail-shell shaped hone lined with cells 
covered with liny protoplasmic threads which perceive sound waves. 


one side of the head, usually low down in 
line with the corners of the beak. Almost 
all birds are indeed wonderfully quick of 
hearing. Witness how knowingly they cock 
their heads, or hold them sideways, close 
to the ground. In all the owls these exicrnai 
ears are enormous, so that if one blows 
against the feathers of a dead or very tame 
owl, almost the half of one side of the head 
appears to be laid bare. Large as the ears 
arc, they arc trifling compared with those 
of the bats, or such creatures as the Maholi 
galago, aye-aye, and Cape jumping hare. 

The bat’y ears, combined with special 
sense organs often situated on the nose, 
have much to do with that amazing nicety 
of movement whereby a bat so seldom 
collides with any object, even when travel- 
ling at high speed. The ears apprize the bat 
of approaching obstacles by echo, much as 
ships use echoes nowadays whereby to take 
soundings, i.e. their distance from the sea 
floor. In some bats— and the Maholi galago 
—the external ears are so unwieldy that 
they have to be folded up when the animal 
retires to rest. 

But the wonderful and picturesque ears 


of animals, and even the drum which lies 
well out of sight, arc but a small pan of the 
complex machinery necessary for hearing, 
In the innermost ear are minute structures 
lying in fluid. Within this fluid arc also 
small particles of lime, and. according as 
these arc floated from one side to the 
other, the animal apprizes its proper posi- 
tion in. space. It is told how to keep its 
balance. Serious damage to this renders an 
animal unable even to keep on its feet. 

Some very deaf persons, though normal 
in all other respects, cannot ride a bicycle. 
Variation on this theme of lime particles 
held in fluid — a simple form of spirit level, 
in fact — is found all the way down the 
animal scale. Even the jelly-fish carries on 
the margin of its disc minute sacs holding 
fluid and lime particles. Damage some of 
these sacs and the creature becomes imme- 
diately lopsided. Its sense of balance is 
gone. 

Sound and touch, though to most of us 
sharply. differentiated, are in reality only 
variants, different forms, of the same 
thing. A spider has no ears, but it shows 
itself as acutely conscious of a note given 
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FISH THAT SCENTS BLOOD 
The piranha, or carib, is a 
small blit ferocious and 
sharp-toothed fish found in 
Amazonian waters. It scents 
blood from afar off and will 
attack both man and beast. 
Its nostrils are clearly visible. 

produce sounds very like the 
lowest notes of a base violin. 
They are clearly audible 
through many fathoms of 
water, and can be produced 
artificially in a dead specimen 
by making the long feelers 
simulate the movements 
out by a tuning fork, as by a sudden twitch carried out in life. 

to one strand of its web. The fork sets up The ears of frogs, lizards and crocodiles 
sound waves, and they strike the spider — if can be clearly seen as flattened discs at the 
asmall spider — with the force of a gale hit- side of the head. Snakes, on the other hand, 
ting a house. As a general rule, the more have no traces of external ears, although 
vocal or capable of sound production an they are. to some extent, sensible to air 
animal is. the more likely is it to be fur- vibrations. But the dreary gourd-flute music 
nished with an auditory apparatus. of so-called snake charmers, is not to be 

Grasshoppers and crickets are notorious taken seriously. It is a piece of stage-craft 
for their instrumental achievements. By used to impress the laity, nothing more, 
rubbing wing covers and thighs together 

they fill the late summer air with music. Fishes Hear? 

But the heads of these insects, however To what extent fishes can positively hear 
carefully dissected, reveal no trace of an is still a very moot point. Within the heads 
ear. On the thighs — or in some, what of so-called bony fishes are two ear bones 
approximate to elbows — they carry minute which serve to maintain the fish’s balance, 
drumheads, elaborate structures which just like the lime particles in our own. In 
catch the sound waves set up by other some fishes — such as big bream or haddock 
insects of the safne species, and convey the — these bones areas big as a finger-nail and 
message — which is usually one of love — much stronger. 

to the brain. The whole subject of animal acoustics is 

still a fruitful field of research, which has 
Music of the Sea already yielded valuable results, findings 

Recent researches on Crustacea seem to which have been put to practical appliw- 
point to the fact that lobsters carry on tion in human aeronautics and submarine 
their legs special auditory hairs which, like exploration. Many homely creatures, it is 
aerials, collect sound waves. It is now now realized, the mole and dog for ex^- 
known that the sea is full of sounds, and it pie, can appreciate sounds of far too high 
may well be that there is yet a great deal or low a pitch to have any meaning or 
to discover in the world of crustaceans human ears. The scientist, Galton, 
usually regarded as silent animals. One a whistle which, emitting a note inaudible 
quite common crustacean, the crawfish or to a man, could still bring the man s og 
rock lobster (Palinurus) so popular as a running to heel, 
summer dish, is a case in point. By rubbing Smell and taste are as close y re a 

the base of each long feeler, or antenna, sound and touch. Both t^te and smel turn 

against the sides of its central beak, it can upon the Impingement of minute particles, 




OLFACTORY OROANS 



from solids, liquids or gases upon certain 
special surfaces, called taste-buds. They 
may bo at the back of the longue or palate, 
so that whether the particles enter by the 
nose (smell) or mouth (taste) the result is 
virtually the same. To taste or smell lully. 
both mouth and nose must be in health. 
When our nasal passages are inllamed by a 
cold in the head, our food loses its savour. 
But if we hold our noses when m full 
health, by closing the nostrils with our 
lingers, taste is intensitied. 

The actual receiving stations for smell 
are, in ourselves, two small areas at the 
back of the nose, each about a quarter ol 
an inch square. In the dog these patches, 
compressed into folds, cover an area at 
least fifty times this size. No wonder that a 
dog. companionable enough in the house, 
when out for a walk, is largely concerned 
with other matters. To his master, the 
world is, nasally speaking, largely a sealed 
volume. 

It is somewhat depressing surely to reflect 
upon what man has done for the dog by 
domesticiition. Whereas the noses of blood- 
hounds, pointers, spaniels, etc., have been 
allowed to develop on natural and useful 
lines, thoseof the bulldog and 


be the accepted humorous feature ol 
the body. The external olfuctorv organs 
of the mammals do certainly provide 
as bizarre a ring of changes on the 
accepted ideal of a nose as one could well 
desire. The majority of apes and most 
monkeys are as ill served with noses as 
ourveKes. But the baboons, which live on 
open plains and rely for food largely by 
searching the sands for insects and small 
vertebrates — birds and lizards — have noses 
as well developed and as long as those ol a 
wild boar or a stag. 

Grazers’ Sense of Smell 
All plains-dwelling, grazing beasts have 
wonderfully sensitive noses, as every hunter 
knows. No smell, of friend or foe, travelling 
down wind escapes them. Some few. like 
the moose and saiga antelope of the steppes, 
have curiously drooping noses, the nostrils 
directed downwards. The same is seen in 
the giant panda of the western China moun- 
tains. It is believed this is a provision to 
keep out particles of wind-driven snow or 
dust that would otherwise obstruct the 
nasal passages. One or two aquatic beasts, 
the hippopotamus and crocodile, go to the 


borzoi have sulVered usually 
at the dictates of senseless, 
show-bench fashion. The one 
has been compressed, the 
other elongated to grotesque 
extremes. The bulldog sulTers 
from chronic bronchial dis- 
orders and the borzoi's nose is 
a useless appendage, for like 
all hounds of its particular 
group— greyhounds. Salukis. 
Afghans, etc., it hunts chiefly 
by sight. 

It is for psychologists to 
decide why the nose should 


SMELLING FOR WORMS 

The kiwi has nostrils at the 
end of the long, probe-like 
beak with which it locates 
worms in the ground. Digging 
is done with the powerful feet. 




opposite extreme and have the nostrils. like 
the eyes, directed upwards. 

The limit in this regard is reached by the 
whales, which have the nostrils (blowholes) 
situated between the eyes, the outward 
orifice often several feet above the crea- 
ture's brain-case. Only the sperm-whale 
bears them at the end of its snout. It is 
worth noting that whereas all other muscles 
of a whale are soft and lax, those control- 
ling the blowhole are as hard as gutta- 
percha and yield only to a tenon-sasv. This 
is a provision against any backwash of sea 
water when submerged, and consequent 
choking. 

All animals that get their food from, or 
just below, the earth’s surface have the 
nostiils placed at the end of the snout, and 
enormous olfactory bulbs at the forepart 
of the brain to receive the messages carried 
by the nose. Extreme cases are those of the 
ant-eaters and the elephant. In these 
animals the nose is unique in being con- 
verted into a digging tool or grasping 
organ. The elephantine trunk is unique in 


GRASSHOPPER'S ANTENNAE 
Sense of (ouch in insects is located in the 
antennae, or feelers, long, pointed, delicate 
appendages carried in (he front of the head. 
It is generally believed that the sense of smell 
often lies in the antennae. 


another legard. Just where the internal 
nostrils join the throat is a huge cavity as 
large as a football bladder. It is this, and 
not the trunk itself, which the elephant fills 
with water in order to give itself a shower 
(or dust) bath ; or possibly to drench 
someone it has cause to dislike. 

Some few mammalian noses seem to 
serve no purpose save that of ornament. 
Cases in point are the proboscis and snub- 
nosed monkeys, the extraordinary inflat- 
able noses of the elephant and bladder 
seals. The amazing nasal appendage of the 
star-nosed mole is like the elaborately 
sculptured noses of many bats, a super- 
sensitive organ of touch. Most birds have 
the nostrils near the eyes, but the kiwi, 
which lives on worms, carries the nostrils 
at the extreme tip of its long beak. 

Nostrils are clearly discernible in many 
fishes and such fishes as the shark and 
deadly carib of Brazilian waters scent blood 
as quickly as the soaring vulture spies a 
carcase. One of the commonest shore 
fishes, the little bearded rockling, appears 
to have smell — or taste organs — in a groove 
on the centre of its back. The lateral line 
which runs along either side of a fish, it 
may be here mentioned, was at one time 
the subject of much speculation. It is a 
most complex system of tubes covered with 
mucus. At one time it was thought to have 
some connection with scenting food, but is 
now regarded as more nearly associated 
with hearing and the sense of touch. 

How Insects Smell 

In insects the same sense of smell would 
seem, as far as experiments have shown, to 
lie in the antennae, although in many 
moths these are regarded as serving more 
the purpose of aerials. It is interesting to 
note that a keen sense of smell is in many 
animals correlated with special scent- 
glands whereby members of a community 


FUNCTIONS OF THE TONGUE 


may keep in touch with one another. 
Amongst grazing animals, for example, 
powerful scent-glands are often situated 
between the toes and hoofs. 

From nose to tongue is a short step. As 
we have seen, the back ot the tongue may 
carry buds, but the bulk of the tongue per- 
forms a variety of other sersices. It is 
primarily a most useful organ of touch. 
The forked tongues of reptiles, for exam- 
ple, are used almost entirely as probes, to 
feel the ground ahead. One of the tree 
snakes is believed to use its tongue to 
fascinate its quarry, and hold its attention 
until within striking distance. In no reptile 
or other creature is the tongue a sting or 
organ of offence. 

Our own longues as well as playing 
their part in taste scr\e as a sort of hand, 
to roll our food into a bolus, and thrust it 
throatwards. Cats, rabbits, horses and 
many other mammals use the tongue as a 
washing glove. The lemurs carry this deve- 
lopment further. A lemur's tongue carries 
beneath it an auxiliary tongue fringe 
which is employed to comb the animal’s 
hair or to dislodge pips from between its 
teeth. The lion uses its tongue as a rasp; the 
ant-eater's tongue, heavily coated with 
adhesive mucus, is a living flypaper where- 
with it licks up termites. 

All creatures' tongues are attached to the 
base of the skull by a complex arrangement 
of bones, called the hyoid process. The ant- 
eater’s tongue, however, is of 


flowers, or help fish down the throat. The 
flamingo's tongue is enormous, and works 
on exactly the principle ol'an old-fashioned 
cabbage strainer. With it the bird forces 
out mud or water from its mouth, much as 
the whale docs with its gig.mtic tongue, 
retaining only such matters as are edible. 
In birds which swallow their food whole, 
like the ostrich and pelic;in, the tongue is 
reduced to a minimum. In some fishes it 
may be altogether wanting. Most surpris- 
ing of all tongues are those of the humming 
birds and woodpeckers. Both catch their 
food by shooting forth the tongue with 
terrifle force. To obtain this fora', the 
hyoid bones are fashioned like watch 
springs, coiling round the back of the head 
and finally being anchored firmly between 
the bird's eyes. 

The chameleon's tongue may be shot 
forth to a distance exceeding the length of 
the animal. Like the ant-eater's, it is 
attached at its base to the bretistbonc. But 
the chameleon lacks the ant-eater's weight 
and moreover lives amongst slender tree 
branches. To save itself from being over- 
balanced at every outward thrust of the 
tongue, it holds on tightly with its prehen- 
sile tail to some stable object. The tail, in 
fact, serves like the recoil of a field gun. 

It will be seen from the foregoing that 
feeling is a very relative matter. It depends 
first and last upon the size and complexity 
of the receiving station— in other words, 


such inordinate length and de- 
mands such powerful muscles 
to control it, that the hyoid 
process is attached not to the 
skull, but the summit of the 
breastbone. 

Birds’ tonguesareoftenvalu- 
ableorgansoftouchandmaybe 
fringed or covered with spines 
the better to probe tubular 

SCALY ANT-EATER 
A pangolin, from the Belgian 
Congo. It feeds on termites 
which it licks up with its long, 
mucus-coated, worm-like tongue. 

It has no teeth. 
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the brain, which organ has attained its 
highest degree of development in the 
human being, although this may not always 
be apparent. 

« 

Plants and Environment 

One of the most impressive features of 
the plant world is its infinite variety, not 
only in size and structure, but also in habit 
and distribution. All over the world, from 
the equator to the frozen lands of the 
Arctic and Antarctic; on the highest moun- 
tains; in humid tropical forests and 
swamps, or parched desert lands; in caves, 
in hot mineral springs; in ponds, lakes and 
streams; on the seashore and in the open 
oceans far from land, varied forms of plant 
life abound: a truly marvellous pageant of 
adaptive life. 

Under natural conditions plants gener- 
ally grow together in communities, the 
individuals of which not only mutually 
affect one another, but have come to 
accommodate themselves to all the particu- 
lar circumstances of their surroundings. The 
physical conditions due to soil and climate 
and those produced by other plants and 
animals inhabiting the same region 
constitute what is termed the environ- 
ment of that particular situation. The pass- 
age of the seasons, spring, summer, autumn 
and winter, also play their part; spring and 
summer witnessing the development and 
maturing in succession of a whole series of 
plants native to the same type of locality. 

One of the commonest misconceptions 
regarding the plant world is that its 
members all lead a placid, static. existence. 
Indeed, so universal is the error, that quite 
a false interpretation of certain words in 
common everyday use has become estab- 
lished, and unhappily perpetuated in some 
dictionaries, which give the definition of 
the word vegetable as “an organized body 
without sensation or voluntary motion.” 
People talk about going away for a holiday 
and looking forward to vegetating for a few 
days. While the active-minded, hard worker 
proclaims that he or she. on retiring, has no 
intention of leading a vegetable existence; 
meaning actually, on the one hand, that 
they are looking forward to a period of 
rest and freedom from the petty worries of 


life, and on the other that they have no 
intention of leading an idle, aimless 
existence. 

A more misleading definition of any 
living plant it would be difficult to conceive, 
as anyone who will take the trouble to 
devote a little time to watching the daily life 
of a plant growing in its natural environ- 
ment, will soon realize. Growth alone en- 
tails movement, and as a plant increases in 
stature it moves from side to side in avoid- 
ing natural objects; while a whole host of 
unicellular aquatic plants perform very 
active movements throughout their lives. 

Rest and Activity 

Alternating periods of rest and activity 
constitute as integral a part of the life of a 
plant as of that of any animal. In early 
March the crocus opens wide its flower to 
a burst of early spring sunshine, and as 
quickly closes it when the sky becomes 
overcast with cloud. The tentacular.glandu- 
lar hair on a sundew leaf responds and 
bends inwards to the touch of a tiny midge 
weighing less than the one-hundredth part 
of a grain. The wild hop and the bryony in 
the hedgerows wind themselves in ascend- 
ing spirals round plants of more robust 
build as they climb to the top of the hedge 
in their search for sunlight and air. While 
underground, and therefore out of sight, the 
roots are steadily pushing their way through 
the soil, moving to right or left, over or 
under obstructing stones in their search for 
moisture and necessary mineral salts. How 
could anyone describe these as “organized 
bodies without sensation or voluntary 
motion”? 

The seedling dodder sends its root into 
the soil, but only as a temporary anchor: 
for its lengthening shoot slowly, continu- 
ously, is moving in a circle, seeking to 
contact the stem of any nettle, wild hop, 
heather or other host plant growing in its 
vicinity. Once the host-stem has been found, 
the dodder attaches itself, by papillae which 
penetrate the stem of the host and give off 
numerous rootlets that coming into contact 
with the vascular tissues of the nettle or 
hop, absorb nutritive materials. After suit- 
able attachment has thus been obtained, the 
dodder continues its twining growth with 
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increased vigour and at the same time its 
base dies away, and connevion with the 
soil is severed. The dodder has literally 
mined away from its birthplace. Is that an 
"organised body without sensation or 
voluntary motion?" 

Prime Necessities 

Daylight, fresh air, elbow-room, above 
ground; a suitable soil yielding newssary 
moisture and ntincral salts and other sub- 
stances for absorption by its roots. These 
are the prime nca'ssities of life for the plant. 
The soil may be said to be made up of a 
more or less loose collection of two kinds 
of material ; mineral particles that have 
been formed by the breaking down or 
weathering of rocks, and organic particles 
consisting of the decaying remains of plants 
and animals forming collectively what is 
known as the humus of the soil. The parti- 
cles of mineral material usually exceed the 
organic in amount, and their nature will 
depend upon the kind of rock from which 
they have been derived. Air and water fill 
the spaces between the particles. 

The important characteristics of a soil, 
so far as the plant is concerned, are its 
capability to supply the necessary mineral 
salts, its air content, and ability to absorb 
and give up water. The organic humus of 
the soil is of importance to the plant owing 
to the valuable food-substances which it 
contains. Under natural conditions, plants 



and animals die and rot on the soil where 
they have passed their lives, with the result 
that much of what they have taken up 
from the soil is returned to it again in the 
form of humus and other products of 
decay. When land is brought under cultiva- 
tion, however, this natural balance is upset, 
the greater part of the plant bodies forming 
the crop being removed, so that year by 
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year ihc soil becomes more impoverished, 
with the result that the farmer has to pro- 
vide Irequeni applications of manures, if he 
is to Veep his land in good heart, as it is 
termed, and by this means replenish the 
slocks ot food-substances required by the 
plants for healthy, vigorous growth. On the 
character ot the soil, that is to say its 
mineral content, humus and depth, will 
depend the type of plants that we may 
expect to find growing in any given 
situation. 

Thus, on the South Downs of Sussex, 
where only a few inches of soil rests upon 
the basic chalk, we find a flora consisting 
primarily of dwarf herbs and short turf, 
\shile the rich loam lands of the Weald, 
spreading away inland from the foot of the 
Downs, support a luxuriant and most 
varied plant population, including magni- 
ficent deep-rooted oak, beech and elm 
trees. On the seaward side of the Downs, 
on the other hand, the belt of loam grad- 
ually merges into the salt marshes and 
shoreward sand dunes, each having its own 
typical plant population. 

This presence of characteristic plants in 


any particular situation is evidence that 
there they derive some benefit gained 
directly or indirectly from the nature ofthe 
soil or from the absence of plants that 
under different conditions might well prove 
successful competitors in the occupation of 
the ground However, matters are not 
always quite so simple as that, for whilst - 
every habitat may be said to confer a 
marked benefit upon its legitimate inhabi- 
tants, adaptations to its special conditions 
are also involved, and particularly to those 
conditions which are most pronounced. 

Why Certain Plants Predominate 
Therefore, we shall find in any locality 
that it is the particular factor which most 
nearly approaches the minimum requisite 
for life, or which is present in excess, be it 
light, food-supply, or water, that will 
always be the one most profoundly affect- 
ing the character of the vegetation. Should 
the other essential conditions be amply 
sufficient for the minority, if not all the 
species present, the successful plants will be 
those best able to flourish and complete 
their life-cycle under the particular defi- 


PLANT COMMUNITY IN AN OAK WOOD 
Section of soil showing how grasses, bracken and bluebells live together in a dry oak wood, 
their roots being at different levels. Hollv is the commonest shrub in this tive of wood 
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cicncy or excess; and they will lorm the 
dominant plants of that region. 

A strip of woodland composed of oak. 
ash, maple, birch and holly, more or less 
t>pical of England's southern counties, is 
an ideal situation in which to obserse 
many examples of adaptation and seasonal 
development, for it represents a plant com- 
munity which may be said to be composed 
of three tiers, namely the trees, the under- 
growth consisting of hazel, hawthorn, sloe 
and brambles, and the ground tlora or 
carpet ofhetbaccous plants. Water, light and 
air, these are the vital factors in the life of 
all green plants, and it is in their endeavour 
to obtain adequate supplies that their 
remarkable and varied form and habit, 
which fit them to the particular situation 
in which they live, have been developed. 

If we visit such a strip of woodland 
m early spring, the trees still lift their 
naked branches to the sky. Everywhere 
there is a flood of light and air, and already 
the male catkins of the hazel hang down in 
pale golden-green tassels, for their work 
must be accomplished before the hazel 
leaves unfurl. From the middle of February 
onwards, plant-life on the floor of the wood 
is awakening from its winter sleep and the 


* 

firstlings of the year Ixigin to make rapid 
growth. 

For the most pan they are plants of low 
stature, many of them only two or three 
inches in height, easily to be overshadowed 
by taller and more robust types, Therefore, 
if they are to survive and perpetii.ite 
their species, they must have expanded 
their leaves, opened their flowers anvl 
fertilized their ovules, before the plants of 
stouter growth have had time to expand 
and deprive them of the maximum light and 
air. 

To meet and overcome these dangers, 
they have become adapted lo carry out the 
most vital part of their life-cycle during the 
first weeks of spring. The dog s mercury 
{hfereurialis pereniiis) is one of the earliest, 
its small, inconspicuous, green flowers, like 
those of the hazel, depending upon the 
wind for fertilization. About the same mno. 
the golden, star-like flowers of the lesser 
celandine {Ranunculus ficaria) expand and 
are visited on sunny mornings by certain 
dipterous flics and early bees. These are 
followed by violets and wood anemone 
{Anemone nemorosa), and soon the floor of 
the wood is carpeted with sheets of pale 
yellow, fragrant primroses, with here and 


El 






• 


• f** 






9 • 


wmA» 





a 






2 f» 




. ;v 


.V 




C' 






*%»> r ^ 




_/>ii 




t > •• -^vV- It^.. . 

■ *i V- « ^•/.-y*. f' ."^ . 




‘7 liii' ^ 

•fc ?t- T-^ 


•i 


'll. ^ 

I '•'!l t '5 .»'» 1 «%' 

■ #T 7 

W 'H'l f 








• » ' 


:'i!i 




- >p' ?J-:* v. 


> • 


liTl/ 




ii-^ 


li 




r 




1^,'-. ’ * - r'* 


•t' 


, I 


^.5 


1 >^ 




y • 


Si 


1 ’^, 


<*k 




/ • - » • 


«•-'» 4 


t / 






•► < 




SI'RI\(,-hL()\\| R|\C. Pl. VSTs 

r/o<7/s.’^ <//<■ a/zf.wt.' //,<' tv/zZ/.-v/ olilu’ .spring fUnvas; lluy };„nv Iron, conns cm,/ Honri.sl, 
Ih’M ,n shon ,^'/</^s. Ihc pnmrosc aho HoHcr\ early hc/mc il h owrshaclowcci hr the Ui/lcr 

(//uf f<thusicf phitUs which shore Us woodland home 


i 




rt 


4 






K 


>>i 












.n^i 




'•X 






/ 






, I 


4 


tm 




■t 






• A 




>•' 




I 






:• v'. 






7 

\ 








?:• 




% \ 


'sr, 




JBb. 


« i«M ^ 




► 




7 ^: 






'V -• 


•*. V''- 


WZ; 


V: 


■/.i 


't>. 


V* 










^.3 






/Y 












1 ADV S SM(K K 
kn(>»n <»' iiickoo 
lloiwr hccausc i( airiw'’ 

»iili ilw aukoo. It lliihr^ 
in moist nu'tulo " ' "> 

\»anip\ itnniiKl. 


there a clump of waging 
palc't-pink tlo\\cr-* ol the 
lady's smock {Cdnhmmv 
pnih’iisis). and the small, 
white llowers ot various 
early crucifers. Last ol 
the striking spring tlowors. 
towards the end of April, 
vistas of exquisite blue ol 
t he vv i I il hy ac i n i h or blue be 1 1 
(Eiulymion inmsciipinm). 

By mid-May almost all 
have finished llowering and 
set their seed: the leaves of 
the trees have expanded and 
form a canopy of pale green 
through w Inch the sun lillcr^ 
down in shafts of golden 
light. A new series of 
herbaceous plantsof stouter 
growth lift their leaves, 
fretted and cleft in shape, 
into the air and light, all better adapted 
to the changed environment of partial 
shade and sunlight. 

( iintrast in Beech \> oo<1 

In marked contrast are the conditions to 
be found in a wood composed entirely or 
chiefly of beech trees, such as we tind on 
the chalky soils in south-east I-ngland, at 
the foot of the North Downs, for example, 
w here from May to October uniform shade 
prevails. One is at once struck by the 
paucity of the ground llora. although 
wherever a clearing occurs or the trees are 
sparsely scattered it becomes abundant, 
showing obviously that it is not the soil 
which is at fault. The beech casts a far 
deeper shade than oak or ash. owing to its 
extensive branching and consequent perfect 
leaf mosaic, while on account of the slow 
rotting of its leaves, there is often not 
much humus available in such a wood. 
Dog's mercury is one of the most dominant 
ot the ground flora, obviously beciiuse it 


llower-, tong l>etorc the beech leaver, have 
expanded, and other early flowering plants 
are to be found m the better-lighted parts 
of the wood, including as the season 
advances, saniclc iSanicula cmiipoai). 
enchanter's nightshade iCircca liiiciiaiia). 
and some species of orchids, while there is 
a marked absence of bushy undergrowth. 

On open common-land with a non- 
calc.treous soil, the dominant plants are 
usually those possessing an armature of 
spines and prickles, an adaptation of stem, 
branch and foliage against the onslaug it of 
herbivorous animals. In such a situation, 
areas of short turf and coarse grasses 
alternating with thistles, hawthorn and 
masses of gorse. blackberry and wild rose, 
constitute the prevailing llora, associated 
with many low-growing herbaceous plants, 
such as speedwell, pimpernel, etc. 

An old country lane offers a complete 
contrast in environment and an entirely 
difl'erent flora. Honeysuckle, bryony, con- 



SPREADING BOUGHS IN A BEECH WOOD 
Crouml flora in a hcech wood is never luxnriani. as linie sun can penetrate through the 
spreading, leafy boughs. The leaves rot slowly and the soil is poor in humus. 


volvulus, and the wild clematis or traveller's remains of which the great beds of peat are 
joy {Clematis vitalba), climb freely over the chiefly formed, and in such situations two 
hawthorn, blackthorn and sloe of the of our most interesting so-called inseciivor- 
bounding hedges; while the banks are ous plants, the sundew (Drosera), and the 
clothed with an amazing assortment of butterwort (Pinguicula vulgaris), are found, 
herbaceous plants, showing a wonderful Both these plants are striking examples 
variety of leaf-form, so shaped and adapted of adaptation to a special environment, 
to the crowded situation, that each shall obtaining th^ir supplies of nitrogen, in 
obtain the maximum possible amount of which the surrounding soil is deficient, by 
light and air. the capture of insects. For this purpose the 

On wide stretches of moorland the sandy leaves of both plants have become specially 
soil is usually poor or deficient in certain adapted. In the sundew, the leaves are 
mineral salts, often acid, and relatively covered with stalked, glandular hairs or 
lacking in humus. Here the dominant tentacles, each hair terminating in a knob- 
plants are members of the heath family, the shaped gland which secretes a sticky fluid, 
common heather or ling (Calluna vulgaris). Any insect alighting on the leaf, or touch- 
and the Scotch and cross-leaved heaths ing one or more of the glandular hairs, is 
(Erica cinerea and E. teiralix) much- at once entangled and held by the gummy 
branched shrubs, usually of low stature secretion, its struggles to escape only 
with tough, wiry stems and small, entire serving to bring it into contact with more 
leaves, associated with colonies of bilberry of the Hairs. Those on the outer edge of the 
(yaccinium myriillus), cowberry and oran- leaf being longer bend inwards in response, 
berry (yaccinium vitis-idaea and K oxy~ while the centre ofthe leaf becomes slightly 
coccus), also of shrubby growth, with here concave, and in this depression the insect 
and there clumps of Scotch pine and is soon partly hidden from view by the 
bracken. On the moorland bogs, in addi- reflexed hairs, which stimulated by its 
tion to heather, we shall find a luxuriant presence pour forth, a copious secretion 
growth of bog or sphagnum moss from the which ultimately dissolves the soluble parts 


PI ANTS THAT PFEH ON INSECTS 
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INSrCTIVOROUS PLANTS 

Trapphis mechanisim of ilirec insca-eaiinf: plants. On 'he ielt is Venus's ffv trap: the small 
(iraK'ing shows the trap closed. Sundew {centre) grasps its victim with sticky, glandular hairs. 
The leaves of huiierwon {right) fold inwards over the captured insect 


of the inseci. and renders them available 
for absorption by the glands of the leaf. 

In the buiterwort, the glandular hairs arc 
not so large but function in the same way. 
and the blade of the leaf folds inward and 
over the captured prey. Both plants grow 
very loosely rooted in the surrounding 
mossy bog, and their leaves have definite 
selective powers, showing no response to 
gusts of wind or particles of wind-blow-n 
sand, but their glandular hairs become 
active and responsive to the lightest touch 
of the smallest midge. 

On the high, waterless plains of Mexico 
we find in its highest developrnent another 
type of specialized adaptation, a type of 
flora which has become adapted to life 


HOUSE LEEK (SEMPERVIVUM) 
This little evergreen plant grows in dry, 
rocky places. It stores up reserves of 
water in its succulent leaves and stem. 






IN A BRAZILIAN FOREST 

The warm htiniiJ atmosphere promoles rapid growth and life on the part of many of the plants 
is a struggle to reach the light. Note the luxuriant undergrowth. 


under desert and and climatic conditions, developed instead of foliage-leaves, or these 
In these so-called cactiform plants the are often metamorphosed into fearsome 
green tissue is situated in the cortex of the thorns which project in great numbers 

stem, and the epidermis covering it con- from the thick stem-structures, and most 

tains stomata just like the epidermis of the effectively protect them from the attacks of 

leaves, and functions on the whole in the thirsty animals ; while in their stem tissues 

same manner. In those species that are peculiar aggregates of cells have become 

richly branched and in which the branches adapted for the storage of water, 
are short, they frequently resemble thick- 
leaved plants. Frequently, the separate por- Plant Life in Tropical Forests 

lions of stem and branch take on the form From the arid, sun-scorched plains of 
of fleshy leaf-like disks as in the well- Mexico where the conservation of water is 
known prickly-pear [Opuntia). the vital factor, we turn for our last 

To the cactiform plants belong also the illustration of the extraordinary adapta- 
leaflesscandelabra-like.tree-shapedspurges tions of plant-life to the humid forests of 
of Africa and the East Indies. The whole tropical South America, perhaps the great- 
organization of these plants is adapted to est contrast in environment one could 
their environment of dry. sandy, stony imagine, an environment where the struggle 
plains and waste rocky plateaux almost for existence reaches supreme intensity 
completely wanting in soil, where no rain There a perpetual green twilight reigns 
falls for about three-fourths of the year; throughout the hours of daylight, and the 
usually, in fact, the driest parts of the earth, hot. still air is supercharged with moisture. 
In these plants dry scales and hairs are To lise out of this perpetual, twilight ol 


STRANGE STRUGGLE FOR EXISTENCE 


ihc forest depths, and if possible reach the 
open daylight, is the major problem and 
condition of success. And so we tind lirst 
immensely tall, straight-stemmed lree^. 
then twiners and climbers which strangle 
and overshadow these, while strange 
epiphytes and parasites perched aloft grow 
and scatter their seed over the tangled roof, 
the whole forming a dense, leafy canopy 
arching over the gigantic stems of the 
primeval forest, lit by stray sunbeams. On 
the floor, ferns and mosses and other 
shade-dwelling plants abound among the 
confused and tangled masses of roots that 
render further progress almost impossible. 

Everything climbs, winds and twines with 
everything else in the struggle to reach that 
green roof and beyond. Where the climbers 
have grown old with the trees on which 
they cling, and the older portions of their 


stems have become denuded ol loliagc. 
they resemble thick ropes, slow ly strangling 
the life out of their suppoti. Species ol 
Cliisiti growing up from the ground wind a 
strangling network ot stems arounil some 
loftv monarch of the forest, slowly com- 
pressing and strangling it. but ever growing 
upwards until at last they reach the sun in 
ultimate triumph. 

Strange aroids perched on the branches 
of the trees send down long cord-like. 
aeridi roots into the soil: while many gor- 
geous-flowered orchids lead an epiphytic 
existence, attached to the bark on the upper 
surface of the branches, sending forth a 
fringe of aerial roots to absorb w ater from • 
the vapour-charged atmosphere. All alike 
have become adapted in structure and habit 
to their forest environment, winners in the 
struggle for existence in a diflicult world. 


Test Vourse// 

1. In what different ways have octopuses and mussels adapted themselves 
to their environments? Why is the ability to move rapidly more im- 
portant for an octopus than for a mussel? 

2. How is the body of a bird adapted for life in the air? Do other animals 
(apart from insects) fly? Name a few. 

Which do you consider the most primitive of all the five senses? 

4. Name some different ways in which animals carry their eyes. Why do 
the grazing animals have theirs set more laterally than man s? 

5. How is balance associated with hearing in some animals? 

6. Mention some different uses of the tongue in animals. What arc taste- 
buds? 

7. What are the prime necessities of life required by a plant to sustain it in 
vigorous growth? 

8. SVhy arc certain species of plants peculiar to certain situations? Give 
e.xamples, 

9. Why are certain plants typical of spring, and others of summer? 

10. What special modiheation of form and function have plants livinu in 
very dry hot regions undergone to help them to conserve and store 
water? 

1 1 . What are the chief problems in life among plants living in dense tropical 
forests? 


Answers will be found at the end of the hook. 



POLECAT IN ITS TREE-TRUNK LAIR 

This imwcciil-lookhig little face quite belies its owner's true character. Like all 
the weasel family, the polecat is extremely vicious and appears to have a lust for killing, 
often destroying more than it can eat and storing the remainder. 




CHAPTER VII 


HOW ANIMALS BEHAVE 


T he scieniific study of animal behaviour 
is a comparatively recent cull. Research 
has been carried out by two principal 
schools of thought, one in Russia under 
the leadership of Professor Pavlov, and 
the other in America headed by Dr. J. B. 
Watson, the Russians working chiefly on 
dogs, whereas the American school has 
confined its research largely to the man- 
like apes and the human child. 

Undoubtedly, the results achieved have 
been of tremendous value, particularly in 
the field of human psychology, but this sub- 
ject belongs more properly to Chapter IX, 
which deals w.th intellectual man. 

Behaviour is the way in which living 
things respond (or react) to their environ- 
ments. All living things have the ability 
to react in one way or another to certain 
influences, or stimuli, and this particular 
quality— sensitiveness— is one of the most 
important differences between living and 
non-living things. 

Among the chief stimuli to which living 
things respond are touch (or contact), 
temperature (coldness and heat), sound, 
light, smell, electricity, and so on. The 
reaction of an animal to a stimulus depends 
upon the extent to which its senses are 
developed. 

Thus, in amoeba and other one-celled 
animals, which have no special sense 
organs, the reactions are limited to certain 
stimuli, such as heat and light and the 
proximity of food. Some creatures are 
sensitive to chemical changes. A slipper 
animalcule, for instance, will move away 
from strong light or very sally water 
(which it dislikes) but will swim into a drop 
of weak acid and remain there. 

The nature of the reaction to the same 
stimulus will vary with different animals. 
An earthworm, for example, will not res- 
pond to the stimulus of sound, because it 
has no organs of hearing. 

As a general rule, the senses become more 
acute as the scale of life ascends, although 


in some cases one sense may be more 
strongly developed while others are lacking. 
A dog. for example, has a much keener 
sense of smell than man. and a bird has 
sharper vision, but both are inferior to 
man in brain power. 

In man and the higher animals, the 
chief sense organs are connected to the 
brain by the nerves and it is the nervous 
system which controls the behaviour of 
the whole body, whether It be automatic, 
involuntary (instinctive) or voluntary. 

The simplest kind of reaction is callcil 
a tropism, meaning a turning movement. 

Rather more complex reactions are 
known as reflexes and when these are 
quite involuntary, such as dropping a red- 
hot coal, they are c.illed simple, or un- 
conditioned reflexes. Reflexes which are 
the result of something learnt from 
experience are C-illed conditioned reflexes. 

The urge which causes an animal to 
perforrh the things necessary for its 
everyday life is known as instinct. Instinct 
is an inherited quality and as a rule the 
smaller an animil's brain the more it acts 
by instinct. The larger-brained animals are 
also activated by instinct but they possess 
the ability to learn new things and can 
find ways out of difficulties— they are able 
to improvise. 

Instinct or Reasoning 

Instinct may take many forms, some 
quite simple, others more complex, but 
all provide interesting study. Sometimes 
the most lowly animal may alter its instinc- 
tive action by what appears to be intelligent 
behaviour and it is difficult to differentiate 
with exactitude between instinct and intelli- 
gence. 

It is, in fact, unwise to say that wild 
creatures do this or do not do this, that or 
the other. Circumstances adjust their 
behaviour, and what is true here may not 
be true there, what is true one season may 
not be true the next. At the same time, it is 
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unwise to disbelieve anything fairly reason- 
able concerning them. It is surprising what 
strange things eventually prove to be true, 
and every year one's outlook on so vast 
a subject is apt to undergo a certain amount 
of adjustment and expansion. 

Ferocity 

Among the vertebrates, some of the most 
ferocious belong to the waters. One need 
look little further than the pike of British 
lakes and rivers for that soulless and brain- 
less ferocity which characterizes so many 
of the creatures of the deep, but one must 
not conclude that all fishes are incapable of 
affection and those other higher senses by 
which man stands supreme. Some of them, 
indeed, are excellent wives and husbands, 
and as is well known to anyone who has 
kept an aquarium, quite a few are capable 
of some kind of affection even for human 
beings. 

Turning to the warm-blooded quad- 
rupeds, probably the most ferocious are 


to be found among the larger weasels, 
such as the fisher and the wolverine, while 
the Tasmanian devil is in a class by him- 
self. But the weasels are so highly gifted 
and so perfectly equipped as demons of 
murder that as a class they stand alone. 
The fisher, for example, is little larger than 
the otter, yet he will follow a fox for many 
miles, and finally run it down and destroy 
it. The northern lynx, with its terrible 
claws and fangs, is a tough type of advers- 
ary. and has been known to kill a Red 
Indian armed with a knife, but if the 
fisher, half his weight, sets out after him. 
his fate is probably seated. The fisher runs 
his quarry by scent, as the common weasel 
and stoat do. and why he is so named does 
not seem to be known, as one of the few 
things he probably does not do is to fish. 

Another curious thing about this mosr 
ferocious of the immense weasel family 
is that he seems almost impervious to 
wounds. Often the pelts of these beasts, 
healthy and full of fight when trapped, are 


DEADLY TASMANIAN DEVIL 

As its name implies, this comparatively small animal is one of the most ferocious and most 
feared, ft prowls hy night and is a menace to sheep yards and poultry runs. 




PORCUPINES SPIKY ARMOURY 

Porcupines have been provided by nature with weapons for warding ofl aiuuks by other 
aninial.s. li’hen atutek is threatened, it erects its quills. There are several species o/ 
porcupine /oioid in different parts of the world. Above is one from the eastern hemisphere. 


found 10 be so perforated with scars as 
to be utterly useless. 

One of the most dangerous animals In 
the Canadian forests for any other animal 
to tackle is the porcupine, for as is well 
known the point of each quill is covered 
with barbs, which stand up as they enter 
the victim’s warm flesh. Thus, not only 
is it next to impossible to remove the 
quills, but they gradually work inwards, 
till eventually they reach some vital organ, 
havingcaused a lingering death. Itissaidthat 
when the stern alternatives are porcupine 
or starvation, the lynx and the bear will 
occasionally place a cautious paw under 
the porcupine's stomach and hurl him 
against a tree trunk, dismembering him at 
their leisure, but generally speaking most 
predatory animals prefer to leave the porcu- 
pine alone. 

Not so the fisher. He goes straight in and 
kills him as a staple entry on the menu, 
and in porcupine country nearly every 
fisher taken is found to be full of quills. 
But they rarely, if ever, do him any harm 


at all. The quills collect and work fiat under 
the skin, and gradually travel along the 
back to the roots of the tail, where they 
eventually work out. 

Next to the fisher, the wolverine might 
be taken as an outstanding example of 
ferocity, in that he will unhesitatingly 
attack and generally kill many creatures 
larger than himself. The \soKerine is known 
also by the names of glutton, on account 
of his gluttonous habits, and skunk bear, 
because, next to the skunk, he is supremely 
equipped with musk glands. Practically all 
fur-bearers possess these glands in a 
greater or a lesser degree of development. 
The glands are situated in the rectum, and 
with such beasts as the beaver they function 
mainly in assisting the sexes to find each 
other. They provide the scent which fox- 
hounds follow' and it is a curious provision 
of nature that the more afraid or excited 
or overheated an animal becomes, the more 
the glands discharge and the stronger the 
scent. 

Musk glands are very highly developed 


142 


HOW ANIMALS BEHAVE 


in nearly all the weasels, excepting the the wolverine awaits his chance, then 

pine and beech martens (hence the name makes sure that the wolves will not return 

sweetmart as distinct from foumart— foul for a second feed. Wolves generally kill far 

marten— applied to the polecat) but they rnore than they can eat— one may find 

reach their zenith of development in the seven deer lying together untouched— so 

skunk, closely followed by the skunk bear, that the wolverine fares pretty well in wolf- 

or w'olverinc. In their cases the evil-smell- infested forests. And no fool can rob a 

mg. stifling fluid can actually be ejected, wolf! 

and hea\en help anyone who gets the If a dog is offered a piece of meat which 
merest spot of it on his clothing. a wolverine has musked, the reaction is in- 

The wolverines generally follow the wolf stantaneous. Having sniffed it, he grtmaces 
packs, and live largely by robbing them, and rolls in the snow, bristling from end 
If the wolves kill a deer in dense timber, to end and displaying every evidence of 

the wolverine, climbing from tree to tree, nausea. The wolverine is also a notorious 

musks the kill from overhead; if the wolves cache robber, and has cost the lives of 

make their kill in the open, as is more many good men — particularly Indians, 

general when the winterpacksareasscmbled. The Indians of the barren lands of Ungava 

KING OF THE JUNGLE 

The Hon is less fierce than is generally supposed. By nature it is somewhat indolent but its 

immense strength gives it superiority over other animals. 







SrOAT SNIFFS THh AIR 
Another member of the weasel family, the 
stoat, is a vicious little beast with o Ions, 
snaky body. It preys on rabbits, hares, birds 
and smaller creatures and tracks its victims 
by scent. Rabbits when chased by a stoat 
often become paralysed with fear. 


and Labrador, lor example, follow the 
immense herds of caribou, killing as they 
travel, and storing the meat in pits, covered 
with boulders, for the return journey, 
which will take them back to their fishing 
and wildfowl grounds as spring approaches. 
If a wolverine strikes the line of caches, 
he will musk cache after cache, so that the 
Indians find themselves foodlcss in dead 
of winter. So great is the strength of the 
wolverine that nothing will keep him out. 
not even a foot of ice, and. owing to his 
activities, whole tribes of Indians and many 
a good prospector or explorer have 
perished of starvation. 

Degrees of Ferocity 

Owing to the superb strength of such 
animals as the lion and the tiger, we are 
apt to regard them as pretty well top of 
the scale in ferocity, but the cats as a 
family are gentler than the weasels. The 
lion is more dog-like than the tiger, and 
the leopard is more weasel-like and 
treacherous than cither of them. It is fortu- 
nate that we have no true weasels the size 
of the tiger (or weasels that can ily), for 
they are the most gifted and active family 
on earth. Nearly all the bears are treacher- 
ous and undependable, and it is not 
generally realized that the sleepy sloth bear 
kills more people in India than tiger and 
leopard put together — more than any other 
creature on earth, probably, excepting the 
serpents. 

One can hardly classify the denizens of 
the seas from the point of view of ferocity, 
so much depends upon their size, which 
governs their ability to kill, and on their 
mode of life. One of the most dangerous is 
undoubtedly the killer whale, owing to its 
unpleasant habit of attacking— even a 
fairly large vessel — unprovoked. Divers 
maintain that the most dangerous hsh in 
the seas is the outsize cod, which attains 



a length of eighteen feet or over, and for 
his size has the biggest mouth and the 
highest gift of swallowing of any creature 
known to man. 


Packing 

So far as animals are concerned, we 
usually regard the habit of packing as most 
intimately associated with the wolves, but 
they are by no means alone in this respect. 
Animals pack in order to obtain better 
results from their hunting, and packing 
must not be confused with the immense 
armies of certain species, which fore- 
gather together m times of migration. 

True packing does, of course, occur with 
the wolves, and is common to most of the 
dog tribe — coyotes, hyenas. Cape hunting 
dogs, jackals and so on. Even some of the 
cats form themselves into 'oose, badly 
organized packs in times . of extreme 
scarcity, and when a pack of lynxes sets to 
work to drive the snowshoe rabbits out of 




CAPE HLNTING DOG 
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STORY OF A GREAT TREK 
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the ice-cncircled isinnds. the night gcner- 
ativ becomes hideous. 

A pack may consist of a family— parents 
and cubs of the season— hunting together, 
or of several families united. With the 
Canadian timber wolves, for example, a 
pack seldom outnumbers seven, parents 
and cubs, but the wolves of Northern 
Europe gather into immense packs. The 
European wolf has few of the noble 
characteristics of the timber wolf of 
Canada, but occasionally — in Alaska at 
any rate — an exceptional winter may cause 
several families of timber wolves to unite. 
It is generally found, however, that these 
large packs are on the move, and are 
migrating first and hunting as they go. 

In Great Britain, stoats alford about the 
only example of true pack-hunting, and 
many keepers have stories to tell about 
encountering summer packs of stoats. In 
this case, packing is most noticeable in 
mountainous country, and the following is 
probably the explanation. At the time when 
the hill birds, such as grouse, ptarmigan, 
curlews and plovers, are nesting, the stoats 
drift into the high country, and for a month 
or so have a wonderful time among chicks, 
eggs and old birds. But this harvest comes 
to an abrupt end, and there is nothing for 
it but for the .stoats to get out and get 
down to rabbit country. 

Animal Migration 

Wc now come to packing of quite a 
different kind, not for purposes of hunting, 
as the predatory animals pack, but the 
urge of vast armies, drawn by a single pur- 
pose. their common aim bringing the many 
small parties together till they become a 
multitude. Thus, they find security and 
comfort in numbers, but their migrations — 
prompted by food supplies — may be beset 
by danger. 

Perhaps the most outstanding example 
of migrating millions was afforded by the 
American buffalo, which once packed the 
plains of that continent in incredible num- 
bers. As spring came to the valleys of the 
Mississippi, the Missouri, the Red River 
and away west into the Rockies, the buffalo 
families began to stream over the ridges, 
each clan led by a great-grandmother of 


the herds, each buffalo grunting as it 
trudged. They were slow-thinking, slow- 
moving beasts, but with llte migrat on 
fc\cr upon them there was no dallying, no 
turning back, and so army joined .irmy 
until immense gaiherings were formed— an 
area 400 miles in width and 200 miles in 
depth, packed black with buffaloes. And 
behind them came the ghostly runners-up 
and undertakers— from the timber wolf to 
the giant gri^/ly. 

^^ hcn the Ice Cracki-d 

The ice of the great rivers was still intact, 
but rotting steadily from below, and im.ig- 
inc what happened when these millions of 
tons of beef began to cross! The vanguard 
crashed through, then rank after rank, tier 
upon tier, their followers were trampled 
and crowded to their doom by the unseeing 
mass behind. So old travellers told how for 
many weeks each spring the banks of these 
water-ways were unapproachable owing to 
the stench of the thousands of stranded 
hulks, and it is a fact that settlements stand 
today on islands originally built up from 
the carcases of stranded buffaloes, 

But they left behind them a lasting relic, 
for the buffaloes knew the best and ihc 
easiest roads, and today the great trans- 
continental railways thunder through the 
mountains by the exact roads originally 
trodden black by multitudinous cloven 
hoofs. 

Thus, as the buffaloes travelled before 
the white men exterminated them, the cari- 
bou (ravel today through the wastes of the 
North. Time has specially equipped them 
for these great journeys — hence the spread- 
ing hoofs which prevent their sinking in the 
snows, which help them to propel them- 
selves when swimming the lakes and rivers, 
and which click at every step. This serves 
the same purpose as the twittering of small 
birds on migration— it tells each beast 
where his neighbours arc in storm and 
darkness. Another outcome of evolution is 
that every hair on a caribou's body is in 
reality a hollow quill, so that he floats high 
out of the water, buoyed up by his coat, 
and a swim of twenty-five miles is nothing 
to a caribou. 

From the elephant to the seals, shrews. 
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lerr.niings, including rats, mountain hares 
and many of the antelope family, many 
classes of animals mass for migration, and 
even the homely old hippo gets the travel 
fever at times. If over haunted in their home 
locality or if food becomes scarce, the 
hippo move downstream, in the old days 
in considerable herds, and swim surprising 
distances out to sea, until instinct or tradi- 
tion takes them to the mouth of another 
river, offering better living conditions. 
Migration is a never-ending subject, which 
the student must study for himself. 

Hibemalion 

While most of the reptiles and many of 
the fishes, such as tench, carp and eels, 
hibernate in the true sense, this habit of 
sleeping away the winter seems to be more 
or less a matter of convenience in the case 
of most warm-blooded animals. If, for 
example, you take a bear from Arctic 
regions and give him food and warmth, he 
probably will not den up for the winter, 
and though he may have his sleepy periods, 
he will remain active while his wild brethren 
are deep beneath the snows. 

Normally, bears in the cold countries do 
hibernate in the true sense. They hide away 
in some sheltered place, and in due course 
the drifts pile over them. Their breath seals 
(he inside of the chamber with ice, so that 
in some cases they could not escape, even if 
they wanted to, until the thaws of spring 
weaken the crust. During this period re- 
spiration almost ceases, the digestive organs 
become inoperative, and the heartbeats sink 
to a flicker. The den is always marked by its 
airshaft, and hibernating bears can be dug 
out and taken captive without difficulty. 

When a bear wakens from his hiberna- 
tion he is then, if ever, dangerous to man. 
His first effort is to stagger down to water, 
and dazed and weak with hunger he is apt- 
to hit out at anything which comes within 
his reach. One of the worst bear tragedies 
on record occurred on the Elomami River. 
One Sunday afternoon, two lumbermen 
were walking by the river when they saw a 
large black bear (presumably) rooting 
about along the margin. These men were 
quite used to bears in the summer— as 
many as forty may be seen in a day’s 


travelling — and normally one takes no 
more notice of them than one would take 
of so many jack rabbits. 

The men did not count on this bear being 
newly awakened, so they shouted at him, 
expecting him to scuttle, instead of which 
he made straight at them. One of the men 
was knocked down and killed instantly, the 
bear breaking his neck and tearing away 
his right shoulder. This gave the other man 
the chance of a lead, but strangely enough 
the bear followed him. Despite the man’s 
heavy rubber boots he managed to reach 
camp, and ran into one of the bunkhouses, 
shouting the alarm and slamming the door 
behind him. 

The cook in the cookhouse saw what was 
happening, and ran into the compound, 
armed with a small automatic pistol, just 
as the bear entered it. From all reports he 
fired shot after shot in such quick succes- 
sion that the noise of the little weapon was 
one continuous roar, but the pistol was of 
too small a calibre to have any immediate 
effect. The bear reared up and killed him 
too, then, dripping blood, it left the place. 

At the subsequent inquiry it was said 
that a Cree Indian had taken up the blood 
trail of the bear, but came to the conclusion 
from its tracks that it was not a black bear, 
but a grizzly. Therefore, he wisely, gave up 
the hunt, and the bear probably crept away 
and died of its pistol wounds. But it is hard 
to believe that it really was a grizzly ; one 
might as well talk of a Scottish wild cat in 
Cumberland as a grizzly, those days, so 
far east. In all probability it was a very 
large male black bear, some of which, as 
they become senile, sleep only through the 
tail end of winter, and den up so hungry 
that they awake in the spring id a pretty 
desperate condition. 

Bears’ Great Strength 

The strength of the bears is beyond all 
belief. The polar bear is probably the 
strongest and most dangerous of the lot, 
a narrow-eyed, long-nosed beast, which 
can never be trusted. No wonder, con- 
sidering his environment ! But next to him 
comes the grizzly, which is immensely 
powerful. A surveyor in the Lillouette 
described how a grizzly hit one of his pony 
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boys, and ihrew horse and rider clean into 
the air. 

The Alaska brown bear is the biggest 
lx!ar in the world, but he is a carrion and 
hsh cater, and has neither heart nor 
courage. Tlie grizzly, on the other hand, is 
a line and courageous animal, and a gentle- 
man. but in view of his immense strength 
he is best left alone. 

With regard to the strength and fighting 
povsers of animals, one might wish to know 
liow the grizzly, the lion and the tiger would 
compare. So far as evidence goes, the tiger 
will kill the lion, but the grizzly would make 
short work of either of them. Where the 
polar bear comes in, we have no evidence 
at all. but we would feel disposed to back 
the grizzly in view of his immensely 
developed forelegs. 


Kcal Hibernutiun 

Proceeding with hibernation, it has 
already been inferred that except in circum- 
polar regions it is mainly a matter of con- 
venience and necessity, which can be 
dispensed with when circumstances permit. 


In Great Britain, there are few real hiber- 
nators, excepting the mice, the bats and 
the reptiles. A good example is the 
hedgehog, which, given a proper chance, 
hibernates in the true sense— generally 
down a rabbit hole or under an upturned 
root, in any convenient cranny he stumbles 
across. He drags in a surprising quantity of 
leaves and grass to keep out the draughts, 
apart from the leaves he has impaled on 
his quills during his autumn rambles. 

The writer once dug out a hibernating 
hedgehog, and the amount of bedding 
was almost beyond belief. When he arrived 
above ground he remained fast asleep, 
almost cold, and in effect more. dead than 
alive. He was left in the wind a minute or 
two and he gradually roused, and finally 
gathered sufficient energy to creep back into 
his hole. So all his leaves and rubbish were 
pushed in after him and he was left to con- 
tinue his dreams. 

In East Lothian, the hedgehogs used to 
enter the writer’s garden by the hen hole in 
the garden wall, and hibernate under the 
hen-house. One of them thought he would 


CURLING UP FOR THE WINTER 

Hedgehogs hibernate very thoroughly, making a covering of leaves and grass in some con- 
yenient hole. As a rule, only excessive cold will wake this animal from its winter sleep. 
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DORMOUSE - AW AKE 
IVlieii amikc ///<’ (loriiiousc is a 
preliy Hull' ireiiliin- wilh large 
bright evi'.s. In tin' aiiimnn hi’ hiiilth 
hiinsi'l/ a cosy ncsi and sleeps the 
t\ inter through, occasionally wak- 
ing to emerge and eat a little load. 


ter he does ii all in a heedless and devil- 
ma)-care manner. 

During the lush days of autumn, when 
the leaves are drifting and the gossamer 
hangs, squirrels bur> their nuts along every 
moss bank and leaf brae, thousands of 
tlicm from dawn till dusk, but it is hard to 
believe that so heedless a little character 
remembers his burial grounds. Very well 
then. If the nuts remain in the ground they 
may grow into trees which will support his 
children and his children's children — a 
species of life insurance. At any rate he has 
done his best, and as the weather becomes 
colder his days become shorter, till one day 
it is very cold indeed, and he docs not get 
up. He curls his tail round his nose and 
there he sleeps in a compact ball, possibly 
for several days, but one day he wakens to 
find the sun shining through the slit in his 
tree trunk, and. blinking sleepily, up he 
gets. 

He goes to search the leaf banks where 
he has a hazy notion that he buried some 


like to steep among some sacks iit 
the motor house, and made himself 
very cosy there, but his bed was so 
unclean that he had to be ejected. 

He then decided to sleep in a box- 
shaped affair where the children's 
bantams roosted, but the bantams 
took exception to his company, 
and again he had to be turned out. 

Finally, he was put into a tea chest 
with lots of hay and leaves, and 
there he slept obliviously in the 
potting shed tilt the joyous spring 
returned. Normally, if a hibernat- 
ing hedgehog is flooded or frozen 
out of his winter quarters, he docs 
not live to see the spring. 

In the case of the squirrel and 
most of the rodents, hibernation 
IS a . very light-hearted affair. 

They arc all food-hoarders, for 
their little bodies could not carry them 
through so long a period without sus- 
tenance. They retire to their own special 
warm quarters, and there they remain for 
many weeks, but they have their food 
dumps of grain or nuts or fungi at their 
elbows. They sleep for a few hours then 
nibble for a few minutes and sleep again. 


Amazing Store-rooms 

The food dumps of some of the smallest 
rodents arc really surprising. A mouse may 
have his house in an upturned root, but 
that root is a labyrinth of passages, and 
every passage serves as a store-room. Not 
only that; but other passages run out under 
the dead leaves, and along these he has his 
store-rooms and his nibbling places. It only 
shows how abundant is the autumn harvest, 
and how even the smaller creatures make 
use of it. Those who do not store lay on 
fat during the harvest days. 

The squirrel also hibernates and is a food 
hoarder, but in accordance with his charac- 




beech mast, digs up three or four, nibbles 
them, disturbs a woodcock, and finally 
scuttles back to bed, uttering volleys of 
abuse at no one in particular. He does not 
seem to care ver> much whether he hiber- 
nates or not. As for systematic storage — 
it is difficult to believe that the squirrel is 
mentally capable of iti 

Badgers' \Vinter Quarters 

Badgers follow much the same lines, 
except that they are not so light-hearted in 
life. In late autumn, they fill their im- 
mense warrens with grass or bracken to 
exclude the cold. When really cold weather 
comes, they close the mouths of their holes 
to an aperture scarcely sufficient to admit a 
man's three fingers, and deep in the bowels 
of the earth they sleep, sucking their 
thumbs, until .a warm day calls them out to 
nose for bulbs. Even in the high Gram- 
pians, one may sec the tracks of badgers In 
the snow the winter through, so that it is a 
mistake to say that they sleep the winter 
away. 

Have you ever picked up a little sleeping 
dormouse? He will lie curled up in the palm 
of your hand, a very pretty little creature, 
supremely at ease. But the coldness of his 
tiny body will strike through your hand 
although he is actually breathing and alive. 


WINTER FOOD STORE 
Fieldnwuse's winter hoard of beech and hazel 
lints secreted in the hollow of a tree. These 
provide food for its periods of activity 
during mild spells in the winter, as it only 
hibernates in severe weather. 

That is true hibernation— a state so near to 
death that the merest breath will bridge it. 
Perhaps they are lucky in this. Most of 
those who hibernate die in their sleep, 
particularly when old age comes upon 
them. They simply do not waken to see the 
glorious spring. 

WTiy Beavers Build 

The beaver does not hibernate at all. 
though it has been written of many times 
as belonging to that class. He is purely a 
food-hoarder, and could not live through 
the winter in many of the cold countries he 
inhabits without deep water at his dis- 
posal. Hence the beaver dam. an artificial 
structure which he makes by damming the 
stream — any tiny stream he decides to live 
on. 

Other beavers follow him, more dams 
are built, repairs and extensions go on, till 
in some places one can travel all day by 
canoe along what appears to be a series of 
natural lakes, but which is really the work 
of generation after generation of beavers. 

As winter approaches, the beavers store 
the green branches on which they are to 
feed at the bottom of their ponds. How they 
prevent them from floating is not known, 
though it is an old fallacy that they suck 
the air out of them. In due course the pond 
freezes over, and now we come to another 
point — the beaver could not live without 
his lodge or his bank burrow. In his lodge 
(a huge island of sticks) he has his living 
chambers above ice level, and the roof is 
sufficiently porous to admit the small 
amount of air he needs. Its entrances and 
exits are below ice level, so that he can 
dive down to his store of food lying on the 
bottom. The bank burrow is on similar 
lines — bedrooms and sitting-rooms above 
the ice, front and back doors below it, but 
here he could get no air at all unless special 
provision were made. 

In some way — no one knows fiar certain 



UILDS its DAM 


STACKS LAIO IM WATEfi 
WITH BUTT ENOS 
FACING UP - STR E A M 


THEN THEY ARE 
WEIGHTED DOWN BY STONES 
SOO$ AND WATER SOAkFO 
lUMPS OF WOOD 


laying of sticks continued 

RIGHT ACROSS STREAM. ANY 
STONES BROUGHT DOWN BY STREAM 
HEIR ANCHOR FOUNDATION 
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how— he constructs a tiny shaft, no bigger 
than a mouse hole, upwards from the 
ceiling of the dining-room to the world 
uiihout- The hole is too small to admit an 
enemy, but to make doubly sure the beavers 
bury the outlet under a pile of sticks, which 
soon become covered with snow and are 
quite unnoticeable. So. while the wolves 
range and the blizzards rage, the beavers 
live their winter lives unseen and unsus- 
pected with theif larders at their doors. 

Thus it is quite clear that there arc food-* 
hoarders, which may hibernate partially, 
and others which hibernate in the true 
sense. The latter generally fatten up to an 
alarming extent during the autumn har- 
vests; in other words, they carry their store- 
rooms on their backs. 

NN’eakened Digestions 

When those which hibernate in the true 
sense wake up in the spring their digestive 
organs are very near a state of exhaustion, 
and a heavy meal would probably prove 
fatal. Nature has her own method of deal- 
ing with this, for their feet have become so 
tender that they cannot forage far. Just a 
hasty mouthful and back to bed again, and 


even that mouthful must be cautiously 
chosen, for their mouths too have become 
tender by disuse. 

How' do wild animals die under normal 
circumstances? We have been apt rather to 
regard the closing chapters of their lives in 
colours of agony, but everything depends 
on circumstances. Where, for example, 
wolves range for game, few deer live to 
grow old; similarly, where foxes are 
numerous, few hares live beyond the 
zenith of their powers. With these hunted 
animals, it is merely a matter of how long 
they can hold out until the beam is tipped, 
while others living more sheltered fives, 
such as the majority of small birds in 
Britain, die naturally and peacefully, and 
most of them in their sleep. 

The writer has seen old otters, grey- 
muzzled. and stone blind. Also old hinds 
wandering about the straths in such a 
toothless and pitiful state that the snow 
accumulated on their backs, and they had 
not the energy to shake themselves free. 
There are old blind seals, guarded and 
shepherded by their herds, and old blind 
buffaloes, which, in spite of their infir- 
mities, lead the herds till their dying day. 


BADGERS EMERGING FROM WARREN 

4 

/icu/i:(rs, see/i hclo\\\ sleep during the winter nwnths after having prepared their warrens, 
or earths, during the autumn with grass or bracken. On a warm day, however, they may 
emerge to nose for bulbs, as they are not true hihernators and seldom sleep the winter through. 





SWALLOW AND VOUNCi 

Young swallows arc seen ahoie being fed by ilie parent-bird in their nest beneath the eaves. 
In ancient days it was believed that they hibernated in mud during the winter. .Actually, thev 
are migratory birds and travel south in autumn to summer \kies. 


Animals, in most cases, die tragically, in the leaves is not the merry, active little 

but we must not let our imagination run spirit which followed her yesterday, and 

riot on this. Death has really no meaning this seems to be about the level of things 
in the wilderness — no more than the among wild animals, 
changing of the wind, or the fading of a 
flower. 

Truly they strive with ail their-power 
to avoid death. They know fear in all 
its extremities. There is the primeval urge 
to live, but death as an order, or as an 
absence of all order, is infinitely and 
immensely beyond their powers of com- 
prehension. 

A hind will tap her dead calf with a 
dainty, polished fore-hoof, and when he 
does not move go away to quite another 
part of the woods, where she was accus- 
tomed to seeing him, and search for him 
there. This still, cold, little creature lying 


[tehaviour of Birds 

The behaviour of birds has interested 
mankind throughout the ages. Aristotle 
first wrote the proverb. "One swallow docs 
not make a summer, nor one line day." 
To Aristotle also must be traced the belief, 
almost universally held by the old natura- 
lists, that swallows hibernated in winter. 
Pliny, writing of the kinglishcr, said that 
this bird “breeds in winter, at the season 
called the Halcyon days, wherein the sea 
is calm." The people of that time believed 
that the kingfisher made a nest of fish bones 
and launched it on the sea, and that during 
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ibc time the bird was brooding her eggs a difference as between the highest type of 
profound calm reigned. civilized being and the most primitive 

These, and other strange beliefs, showed savage. Some birds are heavy, dull and 
that the people of olden times appreciated stupid; others are extremely intelligent; 
the charm of birds, although they did not some are saurian in habit, others are 
study them so closely or accurately as-we ethereal and delicate. The world of a bird 
do. We now know that the swallow does is, we may be sure, very different from the 

not hibernate in the mud beneath some world of man. The bird is free as air; man 

mere or lake, and that the kingfisher does is held fast to earth by the laws of gravity, 

not put to sea on her frail nest, but we have Compare the flight of an eagle over the 

learnt other marvels of the bird world of hills with the laboured progress of a man. 

wliich the ancients were ignorant. An eagle can cover in a minute, without 

In their courtship and mating, their nest- effort, a distance a man, under most favour- 
building and their territories, birds are a able conditions, can cover in an hour, and 
continued source of interest and delight, which under disadvantageous conditions it 
Docs a bird think? Docs it reason? How may take him several hours or even a day 
much of its behaviour is instinctive and how to cover on his own feet, 

much reasoned? 

Before these questions can be answered. Instinct in Birds 

It is well to realize that in the bird world There is undoubtedly much that is 
there are a great many types, a great many instinctive in the life of a bird, just as in 

•'lagcs in evolution. There is as great a the life of a man. Migration — that greatest 

ARCTIC TERN ALIGHTING 

Thi’se f'l acc’/iil hnds an’ ihc f'leaiest travellers hi the world, for while some breed as far 
north as Spitsbergen, they winter on the .diores of the Antarctic, thus covering the distance 
from Pole to Pole twice in a year. The picture shows the tern's powerful wings. 




STARLINGS IN FLIGHT 

Among the commonest of birds resident in the British Isles, starlings are often seen in massed 
flight, and such a flock on the wing is a memorable sight. These .starlings are mostly eoniinenlat 
birds: they mass in autumn and winter to roost in reed beds or on city buildings. 


of all wonders — is. to a large extent at ull 
events, instinctive. The fact that it is instinc- 
tive heightens this mancl, which has in- 
trigued the minds of men through the ages. 
The more we know of migration the more 
astounding it seems. 

Let us consider the migration of the 
Arctic tern, one of the most graceful mem- 
bers of a graceful family. This tern nests, 
in the Northern Hemisphere, from Scot- 
land northward to Spitsbergen and North- 
East Land, where ice floes drift around the 
coast and the hills are deep in snow on 
the longest day. Here the Arctic terns nest 
by the light of the midnight sun which is 
not, as seen from the North Cape of 
Norway, a dull, glowing orb on the 
northern horizon but a dazzling disc, 
which shines warmly on a north-facing slope 
so that, provided he chooses snow-free 
ground, the explorer may here bask or even 
sleep, with as much comfort as on a 
Scottish hill. 

Under these conditions the most norther- 
Jy of the nesting Arctic terns have their 
summer home. Dependent as these birds 
^ for their food on an open ocean, it may 
be readily understood why the terns should 
nugrate southward at the close of summer. 


One might imagine that they would tly 
south to the sunlit waters of the coasts of 
Spain or West Africa, theie to lish in com- 
fort during the long months when the 
Arctic Ocean is held fast in the grip of the 
ice, and when the spray, whipped up by the 
gate where the water is still open, may 
freeze before it has reached the bridge 
of a vessel, the particles of solid ice rattling 
against it like small shot. 

Arctic to Antarctic 

But does the Arctic tern winter above the 
blue waters of the seas which approach the 
tropics? If the evidence of the last twenty- 
five years is to be believed, the birds con- 
tinue their southward flight until they have 
crossed the equator; then, still flying toward 
the south, they enter the season of spring 
in the Southern Hemisphere. Still moving 
south, they reach the edge of the Antarctic 
ice, where they winter. The first Arctic tern 
that was shot by an Antarctic expedition in 
these latitudes was believed, so incredible 
was the length of the flight, to have been 
of a species allied to the Arctic tern of the 
Northern Hemisphere. But since then, 
further specimens have been obtained and 
the feeling now among scientists is that the 
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liiril which winters tn the Antarctic summer in past years, have travelled far. They have 

IS the same bird that has nested in the wintered in South Africa, and their north- 

Arctic summer. Thus the flight of the Arctic ward journey has been a leisurely one. 

tern may he said to extend literally from following the tide of spring as it flows 

Pole to Pole. slowly northward. The main tide of bird 

Let us consider the conditions under migration flows in autumn towards the 

wliich. because of this great flight, the south and in spring towards the noith, 

Arctic tern lives. Warmth is evidently dis- but there are exceptions. These exceptions 

tasteful to it, for both in summer and in occur chiefly, if not wholely, among sea 

winter (winter in the Northern Hemisphere) birds, which on occasion have been known 

it is m the neighbourhood of ice. But— a to migrate at the approach of winter to- 

rcmarkable thing — it thus lives in per* wards the east, and even towards the north- 

pctual daylight. In Spitsbergen, in summer, east. Whether these unusual flights have 

it nests without darkness oi even dusk. In been deliberate, or whctlier they have been 

its w inter haunts, at the edge of the Antarc* jhe result of heavy south-west and west 

tic ice-flcld. it has again continual daylight, gales, which often prevail at that season, is 

and sunshine, both night and day. for not known for certain, 

pci haps a week at a lime. This tern may,* 

therefore, be held to be, if not a warmth Eaters 

worshipper, at least a sun worshipper. True sea birds are hardy, and provided 

Compared with that great flight of the their food is plentiful they are indifferent 

Arctic tern the migrations of other birds to the weather. An abundance of fish 

are small, yet c\cn they arc of great wonder, attracts that largest of Biiiish sea birds, 

The swallow- which arrives at the barn, the the gannet. called in Scotland the solan, 

house martins which arri\e at the house Thus in the winter of 1945/46, Lerwick 

beneath the eaves of which they have nested harbour in the Shetland Islands, was the 

temporary home of flocks 
of gannets, which dived 
throughout the daylight 
hours upon the great 
shoals of the young of the 
coal-fish which were then 
swimming in the sea- 
waters. Under ordinary 
conditions, a gannet does 
not approach the shore 
near a harbour, yet these 
birds were diving without 
fear into the waters of a 
busy seaport. 

One of the most attrac- 
tive features in bird life 
is the courtship display. 
In migrants, the people 
of Britain may not see 

OCELLATED TURKEY 
DISPLAYING 

Courtship display in birds 
takes many different forms 
but usually the male bird 
postures and struts before 
the female. The handsome 
ocellated turkey spreads 
his tail feathers. 







HOW BIRDS BUILD A NfcST 

Drawing designed to show the dijlereiii stages in nest building by a p<dr ol ihnidies. Mier 
a site has been seleeled, the birds make many journeys back and lorfh with a varieiv ol 
materials, including roots and musses. Finally, the nest is lined with mud. 


(he courtship, which may have taken place 
thousands of miles to the south of these 
islands. The leading part in the courtship 
of a pair of birds is taken usually by the 
male, but there arc exceptions to this rule. 
The red-necked phalarope, a bird rather 
smaller than a snipe and nesting only 
in the northern and western districts of 
Britain, is one of these exceptions. The 
female is larger than the male and of a 
brighter plumage — she is indeed a bird of 
rare beauty. It is she who does the courting, 
and not only that, for she is believed to be 
at times polyandrous — that is having 
several husbands. 

Unnatural Mothers 

The male phalarope is given the work of 
hatching out the eggs. So far as is known 
the female takes no- part in these duties, 
nor does she even visit the male to see how 
he is faring. The dotterel also is a bird that 
reverses the usual processes of courtship. 


and here again (he male hatclics unassisted 
his wife's eggs. Nor does ^he siNit him even 
on the great day when the eggs «.hip and 
the chicks emerge. 

Most birds have a courtship which lasts 
only during a comparatively short time in 
each season. But the fulmar petrel seems lo 
court throughout two springs and summers 
before (he first egg of a pair of young bird> 
is laid, and the courtship of a pair of young 
golden eagles would appear to last several 
years before the eyrie is built and the lirNt 
eggs laid. 

The courtship of the golden eagle is 
a breath-taking sight, both birds with 
closed wings rushing through the sky at 
tremendous speed, then turning, wheeling 
and gliding in a regal, stately m.inner, 
heedless of the raven, grey crow, or kestrel 
that may with impotent fury seek to chase 
them oil' its own particular territory. The 
writer on one occasion witnessed the actual 
mating of the golden eagle. Thiv took place 







GANNFTS ON GRASSHOLM 
(lOnneis leave the British Isles in the at/liimn 
for southern waters, travelling for long dis- 
tances. often to the west coast of Africa. 
The date of their departure each year is 
leinarkahly regular. Grassholni Island is a 
bird sanctuary in IVales. Thousands of 
gannets nest there every year. 

on a rocky pinnacle, the male mounting on 
tlie female's back and there maintaining his 
position with beats of his strong wings. 

Bird Song 

With courtship is closely associated song. 
As the Gaelic proverb has it, “Lonely is the 
country where no voice of bird is heard.” 
and the song of birds has cheered many 
persons, even listeners who have been 
unable to name the song which they heard. 
In the British Isles bird song is heard to 
advantage. The British, as a nation, have 
been more forbearing toward birds than 
most: they have not shot or netted song- 
birds as some continental nations have 
done. Their woods resound with the songs 
of birds from February until June. What is 
the best bird singer in Britain? The night- 
ingale would usually be given that honour, 
but there are some who think that the song 
of the blackbird is fully its equal. 

There is a song of wild beauty which few 
people have heard, both because the singer 
IS a rare and local bird and also because it 
seldom utters its song. The greenshank — 
the singer referred to — utters his song in 
the air, while he is flying fast backwards and 
forwards overhead. It is a song of extra- 
ordinary wildness, the flute-like whistles — 
deeper toned than the redshank’s whistles 
—being uttered in sets of twos, the first two 
lower pitched than the second two. 

Lord Grey and the Curlew 

The distinguished naturalist and states- 
man, the late Viscount Grey of Fallodon. 
ranked the song of the curlew high among 
the songs of birds. In his book The Charm 
of Birds, he writes that this song conveyed 
to him the sense of happiness, past, present 
and to come. Grey's life was clouded 
towards its close by increasing blindness, 
and it is good to think that he was cheered 
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by the songs of the curlews which nested 
near his home. 

Most birds arc day singers, but a few 
sing both by night and by day. In the latter 
class arc the nightingale and the garden 
warbler. Between dawn and sunrise on a 
quiet and mild May morning is the best 
time to hear birds. The dawn chorus, as it 
has been sometimes named, ceases before 
sunrise, when the birds begin to set about 
the more practical business of breakfasting. 
But no bird breakfasts before he sings. 
The lark is perhaps the earliest singer, and 
in the Isle of Skye has been heard singing 
a few minutes after 1 a.m. by Summer 



Time— lhai is, a few mmuies after mid- the source ol the RiNcr J)eo in ilie Central 
night by Greenwich Time. Highlands of Scotland. During the last 

Linked closely with singing is the tern- week of that May the writer was in one ol 

tory of birds. Territory, during the nesting the corries of Braeriach. witere snow to the 

season at all events, is a sacred thing. A depth of three feet covered the ground, and 

bird will fight, and if needs be die, for his from the hardness of the snow n was 

territory. When a cock bird has selected a evident that it had lain there for at least a 

desirable pitch for his home, he will chal- fortnight. 

lenge, and do battle with, any other male At that time the stock ol piarmig.ui on 
which ventures to enter his territory, the Cairngorms was much larger than at 

Sometimes a late snowfall confuses birds the time this chapter is written, and the 

by obliterating landmarks on a territory, territory of the nesting pairs tiad been 

During May of the year 1923 a severe and chosen before the coming of that e\eep- 

prolonged snowstorm visited the Caim- tional storm. There must be marks on a 

gorms, a high hill range which stands at hill which show a male ptarmigan the 
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HO\V ANIMALS BEHAN R 


houiKi.incs of his tcrrrcors. He must know 
the colour of the ground, the screes and 
boulders, the small streams and springs — a 
thousand things which tell him where he 
is. Ikii in this snow\ May the rocks, the 
streams am! the Alpine \egetation' were 
itidden by snow, and during the misty 
hours the writer spent in the corrie he saw 
how this snow h;id confused the ptarmigan, 
for there were frequent challenges, and 
lights and pursuits, and the sight was seen 
of t\so cock ptarmigan Hying excitedly one 
after the other or side by side over the 
snowy expanse, which might well ha\e 
been Spitsbergen in late May and not a 
hill of Scotland. 

lirritorv of Robins 

But the territory is not a thing of the 
nesting season only. In some cases there 
are territories in winter, but these belong 
not to a pair of birds, but to a single bird. 
It IS a remarkable fact that a pair of robins. 


which have nested and have reared one or 
even two broods within a territory zeal- 
ously guarded by both against other birds, 
should separate in autumn and take up 
territories of their own. Should the one 
robin then deliberately or unwittingly 
enter the territory of the other it is chased 
out with fury, the hen being fiercer than 
the cock. Throughout the winter, the two 
are intensely hostile to one another; at the 
approach of spring the hen with reluctance 
gradually accepts the advances of the cock 
and then they join territories, or form a 
new one. 

The territory at the nesting place of sea 
birds is usually more circumscribed than 
that of land birds, for sea birds sometimes 
nest in immense colonies. The common 
guillemot, for instance, lays her single large 
egg on the bare rock only a few inches from 
her nearest neighbour. The guillemot's 
territory, therefore, consists merely of the 
actual part of the ciilf where the egg is 


WILD BIRDS SONG 

Oiw d! iIic wvi'i'U'-’i anil least known oj hiril .sinf'crx is the f'rcemhank, a nicniher oj the 
sanitpipcr I'ainily. natncil on acanini oJ its Iona olive-colonn’d legs, li sing.i while flying and 
its song is one of hanniing heaiily. The greenshank is a rare inarshland bird. 
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TERRI rORIAL CLAIMS 

Ti'iriiorv is jcalomly f’liiirdcJ hy birth, ptiriiciihirly t/uriiit: the ncMinf; scuson, amt ilw 
auk birds air <j/n'</v.v agyrcssiw towards any him oj cmroailimcm by iifwaniicrs. .Ait^irs- 
sion. Iiowryer, is ofiai a mailer of display. H'heii ilir holder oJ the leiriiory adopts a lliiraien- 
iiifl aililtide the imnider usually departs. .Above, hlaek-headed galls sparring. 


brooded penguin-like upon the bird's feet. 
Compare this with the territory of u pair 
of golden eagles, which may consist of 
many square miles of hill, glen and corrie. 

A male bird will, if needs be. defend his 
territory with his life, but the interloper 
usually retreats before the onslaughts of 
the rightful lord of the territory and no 
damage is done to either combatant beyond 
the loss of a few feathers. 

Grateful Guillemot 

Birds are quick to become tame, 
especially if in ill-health when found and 
nursed by a human friend. Sea birds suffer 
from crude oil floating on the ocean. This 
oil sickens or kills them. One winter day a 
guillemot was found on the shore very sick 
from oil poisoning and was taken home 
by a bird lover. The guillemot was washed 
and cleaned and was fed on small slices of 
fish. In eight days that wild bird had come 
to recognize its human benefactor, and ran 
to him with quivering wings, as it might 
have done to its mate. 

From being a hardy sea bird, at home on 
the stormy ocean during the most severe 
winter weather, it became house-loving, if 


not house-trained. Its human friend owned 
a terrier, which had a cushion near the fire. 
The terrier good-naturedly allowed the 
guillemot to share the cushion, but soon 
the bird, with a singular luck of gratitude, 
would not allow the dog to come near the 
cushion, on which it sat. slowly moving 
round in order that all parts of its plumage 
should be equally warmed by the grateful 
heat of the fire. 

One morning the guillemot's mistress 
(for the bird had by now become a house- 
hold pet) reluctantly decided that she must 
say goodbye to her protege, as fish was 
difficult to procure for it. She therefore 
took it down to the shore and placed it in 
a rock pool, thinking that the bird would 
be only too pleased to find itself once again 
in its natural clement. But the guillemot 
lost no time in scrambling out of the water 
and set off home as fast as its clumsy legs 
could carry it, and when its mistress 
arrived there, was warming itself con- 
tentedly by the fire. 

The reaction of a bird is even greater 
towards light than towards heat. It is light 
rather than heat that tells the early nesting 
birds that spring is at hand. The raven may 
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EFFECT OF LIGHT ON BIRDS 


build or repair her nest when snow covers 
the land. The writer has seen purple sand- 
pipers at the end of June on Prince Charles 
Foreland in Spitsbergen, under conditions 
so severe that the birds were compelled to 
remain at the margin of the tide because 
all the country inland from high-water 
mark was deep in snow. These birds had 
migrated from more temperate lands and 
although winter had not yet left their 
nesting island they knew, by the continuous 
daylight throughout the twenty-four 
hours, that it could not be long until the 
snow melted. 

Why do the gannets regularly leave 


Hebridean waters almost to a day in 
October? The weather may be summer-like 
and the supply of fish more plentiful by 
far than in the early summer when they 
were nesting. It is probable that the gannets 
know by the declining aclinic quality in tlie 
light that winter is near and lake their 
departure accordingly. 

Light has a powerful ctTcei, as has been 
proved by experiments on the reproductive 
organs of birds; it is therefore the more 
remarkable that the wild rock pigeons which 
are found on some parts of the Scottish 
coasts should rear families continuously 
through the twelve months of the year. 


Test Yoursel/ 

1. What are the impulses which cause animals to pack, and by what are 
they governed? Give reasons why animals collect together in this way. 

2. Which is the most powerful of the fur-bearers? 

3. Why is the polecat called the foumart and the pine marten called the 
sweetmart? 

4. Of all warm-blooded animals, which take the heaviest toll of human 
life? 

5. In what ways is the caribou so admirably adapted for migration? 

6. What is the difference between true hibernation and the storage habit? 

7. Can you suggest any reasons why the arctic tern should travel so far 
when it seeks its winter quarters? 

8. Is it true to say that among birds the cock is the more brightly 
plumaged? Give some examples of courtship display in birds. 

Afiswers will be fomd at the end of the book. 
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CHAPTER VIll 


THE HUMAN BODY 


M an is pleased lo call himself |hc 
lord of creation. Biologists put it 
more crudely and say that he is the highest 
type of mammal. That means that he is a 
\eriebraie who feeds his young in their 
immaturity, from the secretion of special 
glands, the mammae or breasts; that he is 
the last product ofe\olution and, therefore, 
the highest. Is this logic, or may it not be 
conceit? Does it follow that the latest in 
lime is the highest or best? Not necessarily, 
for no one assumes, not even the best 
writer of our day. that he is better than 
Shakespeare, nor that the most modern 
office building is better than Westminster 
Abbey or Durham Cathedral. 

Nor does “highest" mean the most com- 
plicated. Man actually is not as highly 
specialized as other animals. What it means 
is that man has more power over his en- 
vironment than any other animal. Other 
animals take things as they come. A lion 
accepts his jungle, a plant its rock crevice. 
Not so man. Starting perhaps in the jungle, 
he invades the open country. He inhabits 
even the deserts, the tundras of the Arctic 
Circle, the islands of tropical seas and 
those of the bleak wind-swept or fogbound 
islands near the poles. Not content with 
that, he invades the air with his aeroplanes 
and the sea with his submarines. He is in 
process of beating every other animal at its 
own game. In fact, cvolutionally speaking, 
that is his game: getting control over his 
natural environment. 

Importance of Bodily Structure 
Now, apart from all philosophical and 
ethical considerations, apart from con- 
siderations of the development of mind, it 
cannot be doubted that his body is one of 
the chief means by which he has gained 
that control. It is fitted for that control by 
its structure, taking that word in its widest 
sense. Of course, the devetapment of the 
brain is the chief thing which gives him his 
supremacy, but a brain unsupported and 


unprotected would be a useless affair. .A 
brain kept only a few inches abose the 
ground (as is that of a dog) would be cu- 
cumscribed in its usefulness. .A br.iin with- 
out the eyes (and to a less extent without 
the ears) would be at a hopeless disadsan- 
lagc. Man's upright position has given 
him the ascendancy in the struggle for 
existence. It gives him the advantage of 
a more flexible and wider range of vision, 
freer movement of the head and trunk, and 
above all. by liberating the two fore limbs 
has provided him with hands— those most 
useful tools and weapons. In fact, man 
owes part of his dominance to his upright 
posture, in other words, to his bones. 

Queer! We are apt to look upon bones 
much as an engineer looks upon the steel 
skeleton of a skyscraper, something upon 
which to hang an assemblage of organs as 
an engineer fixes windows and floors and 
ceilings upon a steel framework. The bones 
certainly arc a framework, but. as we shall 
see, how' much more! 

We can best get an idea of the value of 
stiffening material (which is partly what 
bones are) by contemplating a jelly-fish. 
We have seen them in the sea. floating 
about as the currents waft them, well 
adapted to their surroundings. But. cast on 
the shore, what a helpless thing a jelly-fish 
is. It is buoyed up when in sea water, by 
the water, but in the air. with its low 
buoyancy, it just flops. 

Now. as is stated in earlier chapters, the 
living parts of all plants and animals are 
made up of protoplasm, a fluid with some- 
thing like the consistency ofjelly — a weak, 
flabby sort of material, very like that of the 
jelly-fish. And these plants and animals 
are made up of cells, and very often the 
cell is wholly protoplasm. Now in man 
there are perhaps three hundred and fifty 
billion (i.e., three hundred and fifty million 
million) of these cells. If there were not 
stifiening material around which to dress 
them and connecting material to tie them 
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together, man would be as helpless as a 
jelly-fish cast up on the sea shore. 

The stiffening material in animals may 
he put outside the body or inside. When 
outside it is called an exoskeleton (examples, 
beetles and all other insects, lobsters and all 

4 

Other Crustacea and so on). When inside, it 
is called an endoskeleton. This latter plan 
ue and all the vertebrates follow. An exo- 
skeleton has its advantages, especially for 
smallish animals or those living in the sea. 
But it has grave disadvantages. It puts a 
limit to growth. A crab has to retire to a 
secluded spot every now and then and cast 
off its outer coat and, until it has grown a 
new one some sizes larger, it is completely 
defenceless. Most middle-aged persons 
would be put to it to \sear the clothes of 
their youth, and an exoskelcton is like a 
suit of armour, it does not stretch. 

The disadvantage of an exoskelcton can 
be guessed from our trouble with our brain 
boxes. They are almost exoskeletons for the 
brain. Now, the brain has to grow, and 
grow after birth. A big brain box is an 



essential. So babies have to be bom very 
immature, or their brain boxes would never 
get through the birth canal; and they have 
to be born with incomplete brain boxes, 
boxes with soft parts to them (the fon- 
tanelles) which do not harden until later 
in life— sometimes never at all. A brain 
box without fontanelles produces an 
idiot. A brilliant statement of when exo- 
skeletons would be an advantage is to be 
read in H. G. Wells’s famous book First 
Men in the Moon. 

Levers for the Muscles 

But skeletons are not only stiffening 
material. They are something for the 
muscles to pull upon. The bones act as 
levers, the muscles pull on them and propel 
us through space when we walk or run, or 
enable us to throw things at wild and other 
animals, or, perhaps, merely maintain our 
upright posture. A man whose backbone 
loses its rigidity (as in caries and osteo- 
porosis of the spine) simply crumples on 
himself. He loses his upright posture. 

Still further. Tlte bones are not only 
stiffening materia) and levers, but they are 
factories of all the red and some of the 
white corpuscles floating round in the 
blood (twenty-five billion red, and thirty- 
five thousand million white). The red 
marrow factories of the bones turn out 
anything from a quarter to one billion 
spare parts per day. 

Bones consist of thirty per cent animal 
matter, mainly collagen, from which glue 
is made (collagen means glue-making), 
and seventy per cent mineral matter. This 
mineral matter is largely calcium phos- 
phate, with some calcium carbonate and 
fluoride and a little magnesium phosphate. 
(That is why bones make good soil ferti- 
lizers, for plants need calcium— i.e., lime 
— and phosphates.) The mineral matter 
imparts strength to the bones, and the more 
there is, the harder and stronger the bone. 

MAN’S SPINAL COLUMN 
The backbone is made up of separate verte- 
brae which give rigidity to the body and 
protect the internal organs. Each vertebra 
has a hollow arch of bone at the back through 

which the nerve cord passes. 




INTERRUPTED GROWTH 

The anhivpoJ onimah carry inelastic skeletons oiilsule their bodies. Such loaf’ll outer 
casings are valuable for protection but they impede growth. Therefore the crab shown above 
is casting off its shell in preparation for a period of active growth. 


Bones may be flat, like ihosc of the skull, 
or long, -like those of the limbs, or inter- 
mediate between the two. The long bones 
have hollow shafts, the walls of which are 
made of compact bone, while the heads 
consist of spongy (or cancellous) bone. 
Each of these arrangements is for strength. 
The lines of stress and tension in a bone 
(such as the thigh bone) correspond to 
those in which an engineer would put his 
struts (to take the stresses) and his tension 
members (to take the tensions). Nature in 
this anticipated man and his mathematics 
and engineering, by millions of years. 

Our bones, however, are not bones from 
the beginning. They are sketched out quite 
early in life as gristle, with the exception of 
those of the skull, which are sketched out 
in membranous material. Not until long 
after the developing baby is recognizably 


a human baby, docs this gristle begin to be 
transformed into bones, that is, at about 
the fifth to sixth month of life in the womb. 
And not until a child has ceased growine at, 
say, the age of eighteen or even later, is all 
this gristle transformed into true bone. In 
fact, the growing parts of bones arc gristle, 
and this gristle is continually being added 
to and as continually being transformed 
into bone until the body finishes growing 
and becomes truly adult. 

Cause of Rickets 

Sometimes in babies, or even in older 
children, owing to improper feeding and 
lack of sunlight, this process of turning 
gristle into bone goes awry, and wc have a 
condition called rickets. This trouble, once 
common in Britain — so common indeed 
that rickets was known on the Continent 
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, a> the "English disease"— is now. under 
modem conditions of food and general 
pAgiene. disappearing. 

N\ e must not. ho«e\er. look upon bones. 
e\en adult and well formed bones, as dead 
matter. The> are living and breathing and 
changing all the time, so that throughout 
life we have to continue the good feeding 
and attention to hvgiene which are essen- 
tial to the formation of strong, healthy 
bones in childhood. One must eat plenty of 
sources of calcium (milk, cheese and fishi 
and of the calcifying li.e.. bone manufac- 
turing! vitamin, which we can get from 
herrings, salmon and the fat fish in general 
or bv exposure to sunlight. Otherwise, our 
bones will soften and become rickety 
(osteomalacic). In extreme cases of de- 
ficiency they become full of holes (osteo- 
porotic! and will collapse under the stresses 
of holding up the weight of the body, but 
this condition is rare nowadays in civilized 
countries. 

During limes when there is a need for 


extra calcium, for instance, when a woman 
is producing or nursing a baby, or during 
rapid growih. care should be taken to see 
that there are extra good sources of calcium 
and the calcifying vitamin in the food, or, 
ahematively, to get all the sunlight possible. 

FuDctioo of Ligaments 

\N’e have seen that man has a skeleton 
(consisting of two hundred and fourteen 
bones) which acts as an interna! scaffolding 
upon which are hung. say. three hundred 
billion cells, allowing fifty billion for the 
cells of the bones. To lie these bones to- 
gether there are ligaments, and to move 
these bones as levers, or to maintain Lhem 
steady in any desired position, there are 
the muscles. No skeleton would be any use 
without active muscles, as can be seen in 
that rare disease myasthenia zraris. or in 
poisoning with the South .American Indian 
poison curare. In such cases the body flops 
in a helpless heap. The muscles are com- 
posed of billions of highly specialized cells 
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STRUCTURE OF BONE 

The hard par. of a bone is composed of calcium phosphate and other sub^ances 
laid do^^n in concentric rings round fine blood vessels. The centre of some bones ts filled 
spongy marrow, soaked in blood, where blood corpuscles are made. 
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MUSCLFS \NO MOVEMFNT 
Tin- hiinc^ oj flic hotly arc iiioccil hv 
the contraciioiit ami icla\aiions ol 
flic Diiisclci which arc aliachcti lo 
them. For c.xamplc. the coiilraciioii 
(>/ the hicep-t muscle will haul the 
/orcarm. while contraction o! the 
triceps anti icla.xation ol the hicep^ 
will Mraiyhtcn it once more. 
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whose function is to ^ho^tcn ;it will and 
produce mosements of the bones or to hold 
them steady in any required given position. 

Now. as we have seen in earlier chapters, 
all living colls, for example, those of the 
muscles and the bones, must breathe in 
oxygen and give out carbon dioxide: also 
they must have materials to consume to 
produce energy (fats and sugars) and 
materials lo renew their substance when 
they wear out. In the course of these 
proceedings, they produce waste substances 
which must be got rid of, consisting of 
carbon dioxide, nitrogen-containing bodies, 
such as urea and uric acid, and phosphates 
and sulphates. 

A simple independent cell, such as a 
microbe or an amoeba, is in contact with 
the air or with water containing dissolved 
air, and it can get its oxygen directly from 
that air or water, and push waste products 
out into it. Not so the cells of the body. 
They live remote from the air. Think of a 
bone cell buried in the depth of the thigh 
bone. It has to have oxygen brought to it 
and its waste products carried away. If 
either system fails, the cell dies and there is 
trouble. The bone decays. Similarly with 


ihe muscles, tach of the enormous numner 
of muscle cells must have oxygen and get 
rid of waste products, or the muscle refuses 
10 work and ultimately dies. 

Therefore, the body must have a number 
of systems, or groups of specialized cells to 
obtain oxygen from the air. to carry that 
oxygen to the cells, even in the most out- 
of-the-way part of the body, and to carry 
away waste products from them. Further, 
it must have a system, or systems, to get rid 
of those waste products from the blood. 
Moreover, it must have a system to pre- 
pare from foodsiufTs materials suitable for 
combustion in the cells and to rebuild the 
body when it is wearing out, or. in the 
growing young, to enable it to grow. 

To obtain oxygen from the air. we have 
the respiratory system, consisting of nose 
and mouth, windpipe and lungs, To cai ry 
the oxygen from the lungs to the tissues wc 
have the circulatory or transport system, 
comprising heart, arteries and Ciipillarics. 
To prepare food for uSe in the body we 
have the digestive system, consisting of 
mouth, gullet, stomach and small and large 
bowel. To carry the prepared food pro- 
ducts to the cells of the body, we have the 






HUMAN SKIN AND HAIR ROOTS 

A hair is /onncci oj ik-lk alc cells, mIiIcI, ore pi^memed and horny. Each hair arises 
Irom a die hair root. Idled sddi soji groieing cells Mi replenish die hair 

iiiaierial. Two hair roots are shown in the photomicrograph aooie. 







CO-ORDINATION AND CONTROL OF THE BODILY SYSTEMS 


circulatory system again. The waste pro- 
ducts of cell activity may be gaseous 
(carbon dioxide dissolved in tissue fluid) or 
solid (phosphates, sulphates, urea and uric 
acid again dissolved in tissue fluid). 

To get rid of excess of carbon dioxide 
the lungs are used. They thus serve a double 
purpose: intake of oxygen into the blood 
and output of excess carbon dioxide from 
the blood. Again, the circulatory system is 
used to transport the excess carbon dioxide 
from active tissues to the lungs. To get rid 
of excess solid waste products, the kidneys 
have been developed. They take the excess 
from the blood and pass it into the urine, 
and to transport this excess from the tissues 
to the kidney the circulatory system is used. 

Finally, all the activities of the body have 
to be co-ordinated. It is difhcult enough in 
human affairs to co-ordinate the activities 
of (say), the forty-five million inhabitants 
of the British Isles. Compare this problem 
of government with that of managing the 
three hundred and fifty billion cells which 
go to make up each human body. Each cell 
has its task, and its task must be co- 
ordinated with the task of every other one 
and work in harmony with it. 

Function of the Nervous System 

Yet this gigantic problem is solved with- 
out any of the friction and maladjustment 
which often characterize affairs of social 
government. Strikes are very rare and 
anarchy just as rare! For this government 
the nervous system has been evolved, aided 
by the endocrine (ductless gland) system 
and the circulatory system. The control 
government is the brain, acting through a 
telegraphic system (the nerves) and a 
postal system (the circulatory system). One 
thing we have omitted from the highly 
condensed account of the systems of the 
body, and that is the way all these systems 
are tied together, much as the contents of a 
parcel are held together with brown paper 
and string. The whole mass of the human 
body and its cells must be held together, 
and the naked protoplasm of the cells be 
protected from the harsh environment. 

This is done with connective tissue to tie 
the parts together, the whole being covered 
with a rainproof and windproof covering, 


the skin. The outside layers of the skin are 
dead, are continually being sloughed ofl 
or abraded and have to be as continually 
renewed from living tissue within. The 
wants of this tissue, as usual, are supplied 
by the circulatory system. 

How the Circulatory System \>brk% 

In all the above, we have mentioned the 
circulatory system again and again, and it 
would be well to discuss it in some detail. 
It consists of a closed system of pipes, con- 
taining a fluid called blood, and the heart 
is a muscular pump which unceasingly 
keeps the blood flowing round and round 
from the earliest moments almost of our 
life in the womb until we die. If the pump 
stops working for a second or so. we faint, 
and if for a minute or so, we die. If any 
part of the system of pipes gets stopped, the 
organ supplied by that part dies — it morti- 
fies, which is only a way of saying it be- 
comes dead. 

Blood is a sticky red fluid containing a 
large number of little bodies called red and 
white corpuscles. Roughly half the blood is 
a pale yellow fluid, called plasma, and half 
is corpuscles floating round in the fluid. 
The fluid is sticky Ixcause (i) it contains 
dissolved in it some seven per cent of pro- 
teins. and it also carries carbon dioxide, a 
little oxygen, some chlorides, carbonates, 
phosphates, urea, uric acid, amino acids, 
etc., and (ii) it clots, i.e., turns into a 
viscous jelly, when shed. Blood looks red 
because of the red blood corpuscles, of 
which there arc nearly three billion in a 
pint! They are small, disc-shaped cells, 
very elastic, and red because they have in 
them a red pigment, called haemoglobin, 
which has the function of carrying oxygon 
about the body. 

If we have too few red blood corpuscles, 
or those we have do not contain suflicient 
haemoglobin, we are weary folk, or in 
medical language we are anaemic (lacking 
in blood) and part of the anaemia, so 
common at one time in women of the 
working classes, is due to there being too 
little iron in the diet. For haemoglobin has 
iron in it, and if a person is not eating 
enough iron he becomes anaemic. He can- 
not carry sufficient oxygen from his lungs 



172 


THE HUMAN BODY 


10 liis nervous system and muscles, and so 
becomes a "weary Willy." 

The while corpuscles, much fewer in 
number (five hundred times less), have the 
functions of a police system. They arrest 
and kill off microbes of disease which have 
crept into the circulation. Further, they can 
leave the circulation and migrate to a spot 
where disease germs have got into the 
system and wail off— put a cordon round — 
those malignant creatures. The pus of a 
boil or pimple is a mass of dead bodies of 
white corpuscles which have died in the 
defence -of the body. 

Seventy per cent of the white blood 
corpuscles, and all the red blood corpuscles, 
arc manufactured in the red marrow found 
in the interstices of the spongy bone. 
Anyone can see red marrow in the sawed 
ends of the bones in ribs of beef. When the 
conveyor band of our blood cell factory 
stops, we suffer from pernicious anaemia 
and we have to take massive doses of liver 
extract or a vitamin, folic acid, to start it 
going once again. 

Plan of the Heart 

Let us look at the heart, the double- 
barrelled blood pump which keeps the 
blood and its corpuscles for ever going 
round and round the closed system of 
pipes. It is a lumpy looking organ, difficult 
to make head or tail of at first sight, but a 
schematized diagram will help. First of all, 
it is divided into two unequal halves, the 
right and the left, by a longitudinal septum, 
and each of these halves is again divided 
into two parts, one small and one large. 
We call them auricles and ventricles respec- 
tively, but the German name Vorhof= 
entrance hall, gives the best' impression of 
what the auricles are. Veins pour their 
blood straight and unimpeded into the 
auricles, but the wide entrances between 
auricles and ventricles are guarded by 
valves so that blood can flow from auricle 
to ventricle, but not in the opposite direc- 
tion. 

There is a smallcrexit from each ventricle; 
that from the right goes into the artery for 
the lungs, that from the left goes into the 
main artery for supplying the body with 
blood, called the aorta. The entrances to 


both the artery to the lungs {pulmonary 
artery) and the aorta are guarded by a 
circular arrangement of small valves 
shaped like tobacco pouches. It was 
Harvey who first pointed out the use of 
these valves. Those between the auricles 
and ventricles prevent a back rush of blood 
from the ventricles, and those at the mouths 
of the arteries prevent a back rush of blood 
from the arteries into the ventricles. 

Consequently, the blood, if it makes any 
movement (as we know it does), must pass 
from right auricle to right ventricle, right 
ventricle to lungs, left auricle to left 
ventricle and left ventricle into the aorta. 
This Harvey deduced and proved by 
experiment, and it would be a madman who 
doubted it today. 

Contracting Walls 

When we say the heart beats, we mean 
that its muscular walls pull themselves 
rhythmically together — they contract. And, 
as the muscle bands are arranged in circular 
and spiral directions round the cavities, 
the blood is squeezed from auricles to 
ventricles and from ventricles to the pul- 
monary artery and aorta. The two auricles 
contract almost simultaneously, urging the 
blood into the ventricles and then about 
one-tenth of a second later, the ventricles 
contract (while the auricles become quie- 
scent) and push their contents out into the 
arteries. Both ventricles contract together 
(or there is trouble) and remain contracted 
for about three-tenths of a second, Then 
the whole heart rests for four-tenths of a 
second to allow both auricles and ventricles 
to fill up with blood coming from the veins. 

Then the heart beats again, and so on 
throughout life, accepting blood from the 
veins and pumping it on into the arteries. 
If we make any exertion the heart rate 
quickens— even sitting up in bed will in- 
crease the rate of the heart beat, as anyone 
can verify for himself — and this quickening 
of the heart beat takes place by cutting 
down the time the heart rests. (That is 
why the doctor, when he wants to rest our 
hearts, puts us to bed and makes us lie 
fiat.) The timing of the heart beat in man 
can be investigated by a delicate instru- 
ment, the electrocardiograph, which records 
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CIRCULATION OF THE BLOOD 

Blood circulates through the arteries and veins shown in the figure above. Blood travels 
from the heart along arteries and hack to it through veins. Arteries and vein.s are joined 
by fine capillary vessels which supply the tissues of the body with blood. 
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the minute electrical impulses given out by 
the muscles of the heart as they contract. 

As the auricles have not much work to 
do, their muscular coats are not much 
developed and the electrical impulses given 
out are small. The right ventricle has less 
work to do than the left, for it has to pump 
blood only into the lungs, whereas the left 
ventricle pumps blood throughout the rest 
of the body. Compared with those of the 
left ventricle, the walls of the right ventricle 
are thin, but not so thin as those of the 
auricles. The left ventricle has much the 
thickest walls, for it has the most work 
to do. 

We must now follow the blood on from 
the heart. From the right ventricle it is 
forced through the pulmonary artery to the 
lungs. The pulmonary artery is a relatively 
thick-walled tube, which can withstand a 
great deal of pressure, for into its walls 
elastic and muscular tissue is woven. The 
distension of these walls squeezes the blood 
onwards, for it cannot get back into the 
heart, even when the heart is resting, 
because of the valves at the mouth of the 
artery. This artery divides and sub-divides 
into smaller branches, and ultimately these 
lose their muscular walls and become 
membranous vessels called capillaries. 
These vessels are so small that Harvey 
could not see them with the magnifying 
glasses at his disposal. He made a guess 
that they existed and he guessed right. 

Capillaries and Veins 

It is through the thin walls of these 
vessels that carbon dioxide escapes from 
the blood into- the air cells of the lungs and 
that oxygen passes in the reverse direction. 
The network of capillaries gives rise to 
larger vessels, the small veins. These unite 
into bigger ones and all ultimately join up 
to form the four veins which pour blood 
into the left auricle. From the left auricle, 
as we have seen, the blood flows on into 
the left ventricle and then is pumped, when 
the left ventricle contracts, into the aorta. 
This is a large vessel with an enormous 
amount of clastic material in its walls, and 
doubtless each contraction of the left 
ventricle, forcing blood into it, distends the 
aorta, as you distend a bicycle tyre inner 


tube when you wield a bicycle pump. The 
blood cannot get back into the ventricle 
when it relaxes, because the aortic valves 
are shut by the back pressure, so the blood 
has to go onwards along the aorta (ascend- 
ing and descending) into the arteries, which 
are distributed from it to all parts of the 
body. 

The wave of pressure is transmitted along 
the walls of the arteries, which are thick- 
walled elastic and muscular pipes and can 
be felt at various spots in the body as the 
pulse. One convenient spot is the wrist, 
where the doctor usually takes the pulse, 
or on the temples or alongside the wind- 
pipe. Each beat of the pulse corresponds 
to a beat of the left ventricle, but is slightly 
later the farther away the point of taking 
the pulse is from the heart. Anyone can 
prove this by putting one finger on the 
pulse in the neck, which is near the heart, 
and another on the pulse in the wrist, 
farther away from the heart. 

Dividing Artccies 

As in the lungs, the arteries of the body 
divide into smaller and smaller arteries and 
finally these open into capillaries which 
form a network in every organ of the body 
(the cornea of the eye is an exception). 
Through the thin walls of these capillaries, 
oxygen and food materials can pass to the 
tissues needing them and carbon dioxide 
and other waste products can pass in the 
reverse direction. Again these capillaries, 
as in the lungs, open up into small veins, 
these veins unite to form larger ones and 
ultimately all the veins of the head, neck 
and arms pour into the superior vena cava 
(the upper hollow vein) and those of the 
trunk and legs pour into the inferior vena 
cava (the lower hollow vein) and these two 
veins supply the right auricle. The blood, 
of course, follows these paths and comes 
back to the place it started from. It has 
moved, or rather has been moved, in a 
closed circuit. The least time it takes the 
blood to get once round the circuit is about 
thirteen seconds, but, of course, if some of 
it has to travel a long distance from the 
heart, for instance, to the skin of the little 
toe. that circuit must take somewhat longer. 

The veins are much larger in cross 
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BLOOD CIRCULATION 

Blood from the rest oj the body reaches the heart by the veins shown at the lower leji coiner 
of the figure. The arrows show the direction of the circulation through the heart. iV/ien the 
ventricles contract the blood is prevented by valves from passing back into the auricles but 
must pass out along arteries under fairly considerable pressure. 


section than the corresponding arteries and 
the flow in the veins is more sluggish. Cut 
an artery and the blood spurts out in 
rhythmic jets corresponding to the pulse. 
Cut a vein, and it trickles out. In this 
circulation of the blood we have an amaz- 
ing, self-regulating mechanism for carrying 
to all the living cells of the body what they 
need in the Jialure of food and oxygen, and 
carrying away from them all their waste 
matter. One mechanism does in the body 
what, in the life of a household requires 
ventilating plant, hot-water apparatus, 
lavatories and a whole fleet of vans and 
lorries to carry out. 

Oxygen has to get into the blood and 
carbon dioxide out of it. For this, as we 
have said above, the respiratory system is 
responsible. Think of the chest as an old- 
fashioned pair of bellows. Imagine the 
leather valve in the side of the bellows 
stopped up. Then every time the handles 
are pulled apart air would rush in at the 
nozzle. Every time they are pushed to- 
gether air would be forced out. The rise 
and fall of the chest wall in respiration acts 


like pulling apart and pushing together of 
the handles of the bellows. 

When the chest walls rise air is drawn 
through nose, mouth and windpipe into 
the cavity within the chest, mixed with 
what is there already and then the mixture 
is pushed out in part as the chest walls 
fall. Of course, the air docs not go into 
a naked cavity but into the elastic bags 
which practically fill the true chest cavity 
and which we call the lungs. Each rise of 
the chest wall draws air into these bags, 
and with each fall of the chest wall the 
bags crumple up and air is forced out 
again to the outside world. 

This action is aided by the diaphragm, 
a mass of thin muscle and tendon which 
divides off the chest cavity from (hat of the 
belly, or abdomen. This dome-shaped 
muscle flattens when it contracts, thus 
increasing the volume of the chest cavity, 
and so draws air into the lungs. Both pro- 
cesses are at work in most people, but men 
breathe more by use of the diaphragm and 
women by raising the chest wall. Tenors 
and basses can sing in starched shirts. 
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trebles and alios prefer their chests to be 
free. 

Over the surface of the small air cells of 
the lungs, which consist of a very thin 
membrane, run the capillary blood vessels 
of the lungs, so that oxygen of the air in 
the lungs is separated from the blood only 
by two very thin membranes and a film of 
moisture. Consequently, it can easily make 
its way into the blood stream and unite 
with the red pigment haemoglobin in the 
red corpuscles. When doing this, it turns 
the pigment from a dark crimson to a vivid 
scarlet. Blood running to the lungs is dark. 
That coming away from them is bright red. 
At the same time that oxygen passes into 
the blood, carbon dioxide escapes from it 
into the air in the lungs and as the bellows 
of the chest collapse some of this carbon 
dioxide is pushed out through the windpipe 
and nose into the external air. 

Control of Rcspinilion 

Air. the ordinary atmospheric air, has 
about twenty per cent of oxygen in it and 
next to no carbon dioxide (0.04 per cent). 
Air coming back from the lungs has only 
about lifteen per cent of oxygen and as 
much as four per cent carbon dioxide. It 
is the pressure of carbon dioxide in the 
blood which determines the rate at which 
we breathe. When we take exercise our 
muscles make extra carbon dioxide; this 
increases the pressure of carbon dioxide in 
the blood and this increased pressure 
stimulates the part of the central nervous 
system which governs respiration to work 
faster and to make us breathe more deeply. 
Not only does this get rid of the excess 
carbon dioxide, but it gives the oxygen 
more chance to push its way into the blood 
—a simple and highly efficient method 
which, at one and the same time, helps our 
muscles to get rid of the waste carbon 
dioxide and to obtain the extra oxygen 
that they require. 

As we have said, the cells of the body 
need food and need it all the time. Now, 
it would never do to put food straight 
into the blood. Much that we eat will not 
dissolve in water and even if it were dis- 
solved in water the cells could not make 
use of it. In fact, if the white of egg gets 


Into the blood It acts like a poison! Worse 
stdl, another person's blood is not neces- 
sarily tolerated. At times it is essential to 
pump human blood into a person who has 
lost a lot of blood, but the surgeon has to 
be careful to see that the particular kind of 
blood supplied is compatible to the patient. 
There arc five types of blood at least (one 
is fortunately very rare). Some of us 
(universal donors) can give blood to any- 
body, but others can give to one type only. 
Otherwise, the red corpuscles of the poor 
recipient run together and become useless. 
In fact, the wrong blood would probably 
kill him— a truth that might well be used 
by writers of "thrillers." 

All blood when shed clots; if it did not, 
a mere scratch would make a person bleed 
to death. The clotted blood plugs the 
wound until the repair mechanism gets to 
work and the damage is remedied. For this 
clotting, the blood keeps in reserve 
materials which, when they come into 
contact with damaged tissues, turn into a 
ferment which makes blood clot. Some 
people are born without this mechanism 
and their life is a misery. The late Czare- 
vitch of Russia was one, and sundry other 
male grandchildren or great grandchildren 
of Queen Victoria were, or are, in the same 
plight. This trouble, called haemophilia, 
is handed on by women to their offspring, 
and it appears only in the males. Disturb- 
ance of the clotting mechanism is also 
caused by lack of a particular vitamin (K), 
but luckily this vitamin can be given 
through the mouth or be injected and so 
restores the power of clotting. 

Digestion 

After this digression, which illustrates 
the subtleties of control essential in the 
human body, we can return to digestion. 
Even cane sugar, which is soluble enough 
in water, has to be digested to two simple 
suprs (grape sugar and fruit sugar) before 
it is any use. So we and all animals have 
had to employ a digestive system to break 
down the component parts of our meals 
into something which the cells of our bodies 
can use. And each digestive system is 
appropriate to the food eaten. Cows, 
horses and rabbits, which eat grass, have 
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digestive systems unlike ours. Cows have 
four stomachs, we have one. Horses and 
rabbits have a tremendous caecum (or 
blind bowel), ours is quite small, man’s 
alimentary tract consists of mouth, gullet, 
stomach, small and large intestine. The 
mouth chews the food and the gullet acts 
as transport tube to the stomach, where a 
small amount of digestion takes place. 

Almost the whole of digestion and 
absorption into the blood of food material 
lakes place in the small intestine. Anything 
undigested or unabsorbed passes into the 
large intestine, where any remaining traces 
of nutriment are absorbed with the water 
in which they are dissolved. The resulting 
concentrated debris is collected in the 
low'er end of the large intestine until it is 
essential to pass it out through the rectum 
to the outside world. 

Work of Ferments 

Ferments are essential to digestion, 
which is a process of tearing the complex 
food materials into much simpler sub- 
stances. Starch in the food (bread, biscuits, 
pastry, etc.) has to be changed to grape 
sugar. The body cannot do this at one fell 
swoop. There is a ferment, ptyalin, in the 
saliva, which converts some of the starch 
to malt sugar; a ferment is secreted by the 
pancreas and completes this process, and 


a ferment called maltase, secreted by the 
small intestine, finishes the transformation 
to grape sugar. In this form, the grape 
sugar is absorbed into the blood stream, 
mainly in the small intestine, but also to a 
lesser extent in the large. 

For the digestion of proteins, a more 
complicated process is essential. The basis 
of all living matter is protein, There are 
millions of different proteins. Egg white is 
a good example of a protein, though one 
must say at once that there are at least four 
different proteins in it. Meat is largely a 
mixture of proteins. Flour contains from 
eight to fourteen per cent of proteins. 
Proteins are alike in being made up of 
twenty-two different units called amino 
acids, and their differences are accounted 
for by the way these amino acids are strung 
together. It is helpful to think of proteins 
as necklaces. You can make a necklace of 
pearls, diamonds, glass beads, wooden 
beads, shells or plastics, or you can mix 
these; you can make many more varieties 
of necklaces if you mix them. Proteins are 
long chains of . amino acids, and their 
differences are due to the number, kind, 
proportion and arrangement of the different 
units. 

Now, the body does not want proteins 
as such, but as the individual units of 
which they are composed. So it tears these 
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long chains to bits until there is nothing 
left but amino acids. It then absorbs 
them, uses the ones it wants to build up 
human protein and throws the ones it does 
not want on the bonfires of the human 
body. To build human proteins, animal 
proteins such as those of cheese, eggs, fish, 
meat and milk are tetter than plant 
proteins (for example, those of flour, peas, 
beans and potatoes). This is why children, 
pregnant women and convalescents need 
more animal proteins in proportion to an 
ordinary healthy adult. 

Digestion of Proteins 

The digestion of proteins starts in the 
stomach. The long chains are there split 
into (wo or three smaller proteins under 
the influences of a ferment called pepsin, 
secreted by the walls of the stomach. 
In the small intestine these proteins, or 
any undigested protein, meet a ferment, 
trypsin, secreted by the pancreas. This 
carries on the process, breaking down the 
proteins to still smallcf portions. Finally, 
another ferment, erepsin, secreted by the 
walls of the intestine, finishes the work, 
and the protein is now completely broken 
down into amino acids and absorbed into 
the blood stream in that form from the 
small intestine. 

It is still not quite certain how the body 
treats the fatty substances of the food. 
They are broken up into tiny droplets (an 
emulsion) in the small intestine. Some of 
these droplets are broken down by a 
ferment, steapsin, secreted by the pancreas, 
into glycerine and fatty acids and absorbed 
as such. But whether all are broken down 
is not certain. It is possible that the small 
intestine absorbs some of these droplets as 
such without changing them chemically. 
For the emulsification of fat, bile (secreted 
by the liver) is essential, so when insufficient 
bile is getting into the small intestine, as in 
jaundice, fats are not digested, and should 
be withheld. 

The material expelled at the far end of 
the alimentary tract, faeces, consists of: 
(i) indigestible material (such as bran, 
plant fibres and so on), (ii) digested but 
unabsorbed material, changed somewhat 
by the action of microbes, (iii) digestive 


juices and mucus, and (iv) microbes, living 
and dead. There is no evidence that the 
ordinary person is poisoned by his large 
bowel or that constipation is dangerous, 
though uncomfortable. There is evidence 
that the use of purgatives upsets absorption 
in the small intestine and alters the nature 
of the microbes in the large intestine. These 
microbes manufacture vitamins of class B 
and also vitamin K and thus man obtains 
some of these necessary substances. The 
large intestine is no death trap, but an 
essential part of the body's economy. 

Man's food comprises the following 
chemical substances: proteins, fats, carbo- 
hydrates (starches, dextrins and sugars); 
mineral elements (some dozen necessary 
elements); indigestible material, often called 
roughage; flavouring materials; vitamins 
and water. To obtain these, man must take 
a mixed diet of animal material — vege- 
tables, fruits, and cereal products. The 
only thing he need really worry about is to 
get plenty of dairy products, greengroceries 
and fat fish (herrings, sprats or salmon), 
and if he does this, but otherwise eats the 
usual foods, he can be certain that he is 
obtaining all he requires. There is little 
need for taking thought of what and how 
he shall eat except about meal times and 
the number of meals. 

Suitable Meals 

It has fairly conclusively been proved 
that three main meals, breakfast, lunch 
and supper, with two smaller meals at mid- 
morning and teatime, form the best 
arrangement of meals for the ordinary 
person. If possible these small extra meals 
should include some fruit, salad or milk. 
It is advisable to avoid special diets except 
under doctor’s orders. 

So far, we have seen the food material 
into the blood only. This is a closed circuit 
and the blood never gets directly into 
contact with the tissues. Therefore, these 
food materials must leak out of the blood 
into the fluid (tissue fluid) which surrounds 
the tissues. This fluid we often see when we 
graze the skin but not deeply enough to 
draw blood. The simple sugars and the 
amino acids easily pass through the thin 
walls of the capillaries into the tissue fluid, 
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bui quite how the fat does the same thing 
is not easy to understand. We know that 
it does, or the body would never absorb fat. 

The tissue fluid is kept from stagnating 
partly by movements of the body (which 
produce a natural massage of the tissues) 
and partly by flow into the lymphatic 
system. This is a system of vessels, rather 
like capillaries, starting in the lymphatic 
spaces between the tissues and emptying 
into larger and still larger vessels which 
run towards the great veins entering the 
heart. The lymph channels of the head, 
neck and right arm pour into the right 
subclavian vein (just under the collar bone) 
and those from the left arm, legs and trunk 
pass into the left subclavian vein. Not only 
does this system help to drain the tissue 
fluid and keep it moving, but it carries 
.along with it white corpuscles manufac- 
tured in the lymph glands. These glands 
act as Alters to prevent microbes passing 
into the blood. 

Need for Food 

It is time to turn to what the tissues do 
with the food substances brought to them 
via the blood and tissue fluid. They ueed 
food material for two purposes: (i) to build 
up and replace wear and tear of the 
tissues, and (ii) to provide them with fuel 
material as a source of energy. The first 
requirement is supplied mainly by the 
amino acids, and the second by fats and 
sugar. How “Whatever Miss T. eats, turns 
into Miss T.” is one of those mysteries 
which. we shall probably never unravel. 
We know that the tissues seize the circu- 
lating amino acids and build them up into 
Miss T., or into a Winston Churchill or 
into you and me, as the case may be. 
Although all our tissues are in a violent 
state of change, none the less they look 
much the same, at any rate from the time 
we reach adult stature until we pass middle 
age. Even then, their configuration is 
recognizable until we die. 

The tissues, even those of the bones, are 
continually receiving material and as con- 
tinually shedding waste products. The solid 
waste materials are mainly ammonium 
salts, purine bodies, phosphates and sul- 
phates. These are dissolved in the tissue 


fluid, pass out into the blood, and the- 
ammonium salts are changed by the liver 
into urea, and the purines into uric acid- 
in man, the apes and the Dalmatian dog— 
but into allantoin in other mammals. 
Birds and reptijes turn both ammonium 
salts and purines into uric acid. 

If these waste products are not ejected 
from the blood tissue there is trouble. In 
gout, the uric acid is laid down in the 
joints, instead of being got rid of. Normally 
it, and the urea, phosphate, and sulphates, 
are got rid of by the kidneys, and as is well 
known, if the kidneys do not do their work 
prop:rly the body dies. 

Blood Supply to Kidneys 

The kidneys are two bean-shaped organs 
situated somewhat high in the back, with 
an extraordinary blood supply. The illus- 
tration gives an idea of the relation of the 
blood vessels to a set of complicated 
tubules in the kidney. Fluid is filtered off 
at the tufts of capillaries called the 
glomeruli and passes down them into cup- 
like spaces (calyces) at their far end. In its 
passage, it is changed from blood filtrate 
into urine. Some water is abstracted and 
possibly sugar and other things. Whether 
urea and uric acid are secreted by the 
tubules into the urine is not definitely 
known. Anyhow the excess of urea, uric 
acid, phosphates and sulphates of the blood 
is found dissolved in the urine, and basses 
from the calyces of the kidneys into the 
ureters and is stored in the bladder until 
it is convenient to empty that organ. 

When fats and carbohydrates are burnt 
in the air they give rise 'to carbon dioxide 
and water. Exactly the same happens in 
the body. The products pass into the tissue 
fluid and thence into the blood. The excess 
carbon dioxide, as we have seen above, is 
removed by the lungs. Excess water is 
removed in three ways: (i) by the kidneys 
in the urine, (ii) by perspiration through 
the skin, and (iii) in the moist breath. 
Weather, and the amount of exercise 
taken, determine the paths of excretion of 
excess water. 

The amount of water we drink is jm- 
portant. It must be recognized that each 
one of us has at least sixty per cent of 
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REMOVAL OF BODY WASTE 


The kidneys remove the waste by-products of the body's activity. Blood vessels carry these 
waste materials, dissolved in blood, to the kidneys. Here the Mood vessels break up into the 
finer capillary vessels which enter the little Bowman's capsules where the waste products 

are gathered and finally poured into the ureters. 


water in him as a whole. Further, it is in 
this water in the tissues that all the chemical 
processes which characterize life go on. No 
water, no life! As the body is continually 
losing water in the breath, perspiration and 
urine, this water must be continually 
replaced. Without drink, we die in a few 
days. We produce water by burning fats 
and carbohydrates in the body, but this is 
not enough to cover our losses, so we drink. 
The deficit in quite ordinary weather and 
in sedentary life is about two pints per day, 


and that is the least wc should drink. In 
hot weather, dry climates and when taking 
exercise we need more. 

Fortunately for most of us, the regulation 
is automatic, for if our tissues are getting 
dry, our saliva dries up at once, so that the 
throat gels dry and wc feel thirsty. But the 
regulation is not entirely automatic. Some 
people acquire fixed habits about drinking 
but only drink a definite regulated amount 
at each meal. If such people move into a 
dry climate, say North America in winter. 
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or into ^team-heated buildings, and carry 
on with their customary routine, they may 
lose weight and feel miserable. 

When taking exercise it is right to drink 
frequently, but it must be realized that 
drinking on a completely empty stomach 
paradoxically makes us thirstier than 
before, for a sudden douching of the 
tissues with water sets the kidneys actively 
to work and the body loses more water 
than it gains. This is a warning to cyclists 
and hikers in hot weather. For ordinary 
purposes two pints a day is the minimum 
and there is no reason for taking more 
than two quarts. When exercise is taken in 
\ery hot weather, it is well to take slightly 
salted water (a teaspoonful to a pint) 
because the body loses salt in the perspira- 
tion. Otherwise, the muscles get cramp 
(miner's cramp) and later the body 
collapses. This type of collapse was en- 
countered in North Africa and other warm 
spots during the war of 1939-45, and was 
treated by giving large amounts of salt- 
up to two ounces per day. 

Regulating the Body Cells 
In all the foregoing pages, it has been 
insisted that the body is self-regulating. 

It consists of three hundred and fifty billion 
cells. Now-, it is difficult to manage the 
two thousand million people who inhabit 
the earth. In fact, we are making a poor 
show of that, but the body of each one of 
us has to manage eighteen thousand times 
as many units (cells) as there are people in 
the world, and. on the whole, it manages 
this task pretty well. Remember that each 
one of these cells is a potential anarchist. 
There is throughout life ' a competition 
between them for oxygen and foodstuffs, 
and those warring wants have to be ad- 
justed for the good of the whole body. “To 
each according to its needs, from each 
according to its ability” is the communistic 
rule of the body. In digestion, the ali- 
mentary tract wants extra blood. It gets it. 
When doing mental work, the brain needs 
more blood. It gets it. When taking 
exercise, the musefes -need more blood. 
They get it. How is this complicated control 
managed? 

There are two factors by which the body 


is made to act as a unity, that is to say, is 
integrated or made into a whole: (i) the 
endocrine organs (pituitary gland, thryoid 
gland, suprarenal gland, etc.), and (ii) the 
nervous system. The endocrine organs are 
used for controlling things about which 
there is no particular hurry, such as the 
, rate of growth of the bones or the rate at 
which tissues produce heat; but the nervous 
system is used to bring about actions which 
need considerable hurry, for instance, when 
a brickbat is seen to be approaching the 
head or one treads on a pin. 

The endocrine organs post chemical 
messengers into the bloodstream to distant 
tissues to get on with the Job, much as the 
Treasury’s myrmidons post incojne-tax 
demands. A day less or more does not 
matter much. But the nervous system works 
more like the telephone. If a house is on 
fire, minutes matter, so one telephones for 
the fire engine. Now, in the body fractions 
of a second matter, and the body can send 
messages to the central nervous system, 
which can decide what to do, and telegraph 
instructions to the appropriate muscles in 
as little as four twenty-fifths of a second ! 

Reference has been made to nervous 
systems and to reflexes, the unit activities, 
upon which the functions of the nervous 
system are based, in earlier chapters, so 
further development of these subjects is 
unnecessary. But the endocrine organs 
need a few words. Throughout chemistry 
we’come across substances which hasten a 
reaction which otherwise would be slow. 
Just a trace of water vapour is necessary 
to cause a mixture of coal gas and air to 
explode when ignited. (Explosions are 
usually combustions in a hurry.) Such 
substances are called catalysts. Water 
vapour catalyses the burning of coal gas. 
Now the body, in the thousand and one 
chemical reactions necessary to life has to 
use catalysts. 

Home-made Catalysts 

Some of these catalysis are home-made 
in the endocrine organs. We call them 
hormones. The thyroid gland manufactures 
a hormone, thyroxine, which catalyses the 
rate at which tissues consume sugar. If 
the thyroid does not make enough, the 
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person suffers from always feeling cold. If 
too much, he has to live in a perpetual 
draught because he is too warm. Also, to 
enable the body to store sugar, the 
pancreas makes insulin and secretes it 
into the blood. If it makes too little, a 
disease known as sugar diabetes develops. 
If too much, it produces hypoglycacmia, 
or too little sugar in the blood, and 
extremely unpleasant life is in either case. 
And so on, through the whole range of the 
endocrine organs — which need a volume 
to themselves. 

Other home-made catalysts are the 
ferments, which we have met in discussing 
digestion. But there are many catalysts 
which are not home made. They have to 
be taken in with the food. Some arc simple, 
such as iron and lime; but many of them 


are more complicated, so complicated and 
elusive that the organic chemist finds 
difficulty in manufacturing them in the 
laboratory, though he can and docs make 
them. 

These food catalysts or food hormones, 
we call vitamins. Much has been heard 
about vitamins ever since 1912 when 
they were first christened; they had been 
discovered earlier. And intermixed with 
the extremely good work done on them 
has been no end of rubbish. They, too, 
need a whole book to themselves. Doubt- 
less vitamins are essential to life and well- 
being, but the general reader is advised 
not to attach exaggerated importance to 
them. If he cats a normal, well-balanced 
diet, he will probably get all the vitamins 
that are necessary for perfect health. 


Test Yourself 

1. Why is the skeleton an essential part of the body and what functions does 
it perform? 

2. What are the functions of bone and gristle (cartilage) respectively? 

3. How does a cell buried deep in the body obtain food and oxygen? 

4. What are the functions of the blood, the heart and the arteries and 
veins? 

5. How is food prepared for use in the body after it has been eaten, and 
how is it transported where it is needed? 

6. How is the human body integrated? 

Ans^vers will be found at the end of the book. 
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CHAPTER IX 


INTELLECTUAL MAN 


M an is distinguished from the rest 
of the animal kingdom in many 
ways. He is a fire-making animal, a laugh- 
ing animal, a speaking, reading and writing 
animal. He makes and uses tools. He 
foresees his material needs and cultivates 
and stores crops. Man's mind can wander 
through space and time; the animal is 
limited to the here and now. 

Some of the activities mentioned as dis- 
tinctively human are seen in the animal 
kingdom, but only in a very rudimentary 
degree. Some animals, for example, store 
food, while ants and termites actually 
cultivate fungus for food. Bees, by a kind 
of cultivation, produce different types of 
bee. The queen bee, for instance, is raised 
from an ordinary grub specially fed. 

Some writers have claimed that animals 
speak. They quote the old rhyme; “Why 
language, then, to man confined? A dog can 
say what's in his mind.” But it is a misuse 
of words to call speech the few instinctive 
cries of the animals and birds, or the 
imitative sounds of the parrot. 

.Man's distinctiveness is most marked in 
his intellectual, moral and religious life. It 
has been argued that the difference between 
the mental powers of man and of the 
animals is only one of degree; that there is 
less difference between a savage and an ape 
than between a savage and a fully civilized 
man. This argument is unsound, and the 
difference between man and the animal is 
so great as to become a difference in kind. 

If a six-months-old infant from a savage 
tribe is placed in an educated home, and 
given all the educational opportunities of a 
Western boy, in twenty years the gulf 
between savage and civilized man will have 
been bridged, and the adult savage will be 
at much the same stage of mental develop- 
ment as the young Westerner. But if, on the 
other hand, a chimpanzee baby is placed in 
a similar Western home, he will be in- 
capable of taking advantage of his intel- 
lectual environment and after twenty years 


will have progressed little. One of his m.ijor 
disadvantages will be his complete inability 
to learn to speak, to read or to write. 

The difference between the mental 
calibre of man and of the animals is illus- 
trated by our use of the word intellectual. 
We talk of an intellectual man but not of 
an intellectual animal An intelligent dog, 
yes; but the warmest dog-lover will not 
call his faithful friend intellectual. 

Man’s intellect involves mental organiza- 
tion, knowledge, judgment, reasoning, 
powers of memory, all of which far 
transcend the mental life of animals. 

Man's thoughts can range the past, 
present and future, and can travx'rse bound- 
less space; but the animal's mental life is 
limited to the present time, and to the 
immediate surroundings. 

There is thus a great gulf fixed between 
the intelligence of an animal and the intel- 
lect of man; and when we consider the 
moral and religious life the words have no 
meaning as applied to animals. 

What is Intelligence? 

Before further considering man's superi- 
ority in intelligence, we should ask what is 
meant by intelligence. 

An intelligent person is mentally alert; 
he is not floored as often as duller people 
are by an unexpected situation: but he 
finds a way of dealing with it. 

A person of quite moderate intelligence 
. can become skilled in dealing with a com- 
plicated problem if he repeats it often 
enough: but a person of high intelligence 
sees the solution to new problems. 

Poor intelligence wastes time on matters 
unrelated to the main issue; it "cannot see 
the wood for the trees." High grade intel- 
ligence, on the other hand, quickly brushes 
aside irrelevancies and reaches the heart of 
a problem. 

The patients in a certain mental hospital 
were placed in a bathroom where the taps 
were full on, and the bath overflowing; 
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each patient was asked to empty the bath 
by baling out with a vessel provided for the 
purpose. If he did not first turn off the 
water taps, his omission was regarded as 
an indication of very low intelligence. 

This is a homely example, but the 
problem it illustrates differs only in degree 
from the problems of everyday life, and 
also from the really complex problems 
with which our intelligence is confronted. 

How does intelligence work, then? When 
a mechanic diagnoses the cause of a car 
breakdown: or a doctor a disease; when a 
judge decides the principle to be applied in 
his judgment; when a scientist strives to 
solve the elusive problems of nature; or 
when a chimpanzee sees that a stick of 
required length can be made by joining 
two shorter sticks, what is the essential 
quality of the intelligence which discovers 
the required solution? 

Grasping Relationships 

This essential quality, to express the 
matter simply, is shown by the quickness 
and accuracy with which we see the re- 
lationships in a situation, and apply those 
relationships. The patient in our bathroom 
example, who did not first turn off the taps 
which were pouring water into the bath, 
failed to see a very important relationship 
between the water coming in, and the water 
flowing out; he had a very poor endowment 
of this commonsense, this seeing of 
relations. 

In recent years, a technique of intelli- 
gence testing has been devised, and the 
questions used in such tests are based on 
the principle we have mentioned. Thus, to 
give a very simple example, a child may be 
asked to complete with a fitting word the 
statement “as foot is to shoe so is hand to 
?" By use of intelligence, the relation- 
ship foot and shoe is seen and this relation 
as applied to hand and glove is educed, or 
drawn out. 

Older students might be asked to com- 
ment on the old story of the man who fell 
asleep in church. During his nap, he 
dreamed he was in Paris at the time of the 
French Revolution, was sentenced to be 
guillotined and was on the scaffold awaiting 
the descent of the fatal knife. At this point 


in his dream his wife, who was seated 
beside him in the pew, noticed him nodding 
and tapped him on the neck with her fan. 
He fell dead in the pew. 

Some hearing this story for the first time 
will see, and some will not see the 
essential point, that it is impossible; as if 
the man fell dead he would have been 
unable to recount hi§ dream. 

Two Governing Factors 

Intelligent behaviour depends upon two 
factors. The first is a general factor, called 
general mental ability or “g" for short. 
This is inherited. If we have a high endow- 
ment of "g," let us not boast about it. 
We did not acquire it through our own 
efforts or merit. We are no more entitled to 
credit for it than we are for the colour of 
our eyes. Similarly, a man is not to be 
blamed if he has moderate or low intel- 
ligence. We are, however, to be commended, 
or blamed, for our use or misuse of our 
intelligence. 

The second factor in intelligence is a 
specific one, and is largely acquired. It has 
t^n described as a specific mental 
“engine" peculiar to an ability— say ability 
in languages, music or art. 

Dr. Johnson must have been thinking of 
general mental ability when in his forthright 
way he exclaimed, in reply to a suggestion 
that men possess various intellectual 
qualities such as great learning, good 
judgment, vivid imagination and so forth: 
“No, sir, it is only that one man has more 
mind than another. He may direct it 
differently, he may by accident desire to 
excel in this study or in that. Sir, the man 
who has vigour may walk to the east just 
as well as to the west.” The learned doctor 
went on to suggest that Sir Isaac Newton 
could have so directed his great mental 
ability as to write great poetry. 

We may venture to doubt this last 
assertion, but “g,” general mental ability, 
certainly operates in all our mental pro- 
cesses. Some abilities, say in mathematics, 
dep>end almost entirely on the inherited 
general ability, and any acquired skill in 
these subjects is only of subsidiary im- 
portance. Mechanical skills, drawing and 
the like, depend as much, or more, on 
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specific skills acquired by instruciion and 
training as they do on "g." 

General mental ability grows during the 
early years of life, but ceases to dcselop 
at about the age of sixteen in the majority 
of children. 

•Although human intelligence is im- 
measurably superior to that of animals, we 
find that animals do gi\e e.xampics of this 
seeing of relations. The old view that 
animals act by instinct and man by reason 
has been shown to be an undue simplifica- 
tion. 

The view formerly held that animals 
learn merely by trial and error can no 
longer be accepted. Although animals, say 
a cat in a cage, or a dog in a fenced yard, 
will spend a long time (as indeed would 
human beings) in miscellaneous movements 
of endeav our to escape until ultimately the 
latch leading to freedom is discovered, 
there is evidence that after this period of 
Inal and error the solution is more or less 
suddenly seen. 

And the successful movement — say pull- 
ing a loop which opens a latch— is not 
merely a fixed mechanical movement. A 
cat, for example, which has learned that 
pulling a loop means freedom, will some- 



times pull with her claws, and sometimes 
with her teeth, thus showing that she has 
learned the solution of her problem and 
not merely acquired a fixed mechanical 
response when certain things are seen. 

Most Intelligent Animals 

The cleverest animals are the monkeys; 
and they show clearly in their learning 
processes that they have seen essential 
relations. 

Thus, a chimpanzee in a cage obtained 
bananas suspended from the roof, out of 
reach, by piling boxes one on another for 
use as a platform. And with the aid of a 
stick he pulled into the cage a banana on 
the floor outside. But. even more remark- 
able, the animal joined two bamboo sticks 
(each too short to reach the fruit) to make 
a stick long enough for his purpose. His 
method is instructive. After vainly trying 
for about an hour to reach the fruit with 
the short sticks, he appeared to give up and 
sat on the other side of the cage playing, 
apparently idly, with the two sticks. 

Accidentally, so it seemed, he jointed 
one into the other, and then jumped up 
eagerly, ran to the front of the cage and 
tried to bring in the fruit with the tool now 
long enough. The sticks fell apart, but he 
rejointed them and succeeded in his task. 
There seems to be clear evidence that the 
solution of his problem flashed upon him 
when he first jointed the sticks. 

Animals' Limitations 

Although animals undoubtedly possess 
intelligence, we should beware of reading 
more intelligence into their actions than is 
really warranted and should remember 
Lloyd Morgan's canon of interpretation of 
animal behaviour; “In no case may we 
interpret an action as the outcome of a 
higher psychical faculty, if it can be inter- 
preted as the outcome of the exercise of 
one which stands lower in the psychological 
scale." But. making full allowance for this, 

CHIMPANZEE LEARNING TO WALK 
Although monkeys are the most intelligent 
of all animals and can he trained to behave 
almost like human beings, they are incapable 

of learning to talk, read or to write. 
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it docs appear that aTtain animal behaviour 
is of the same order as intelligent human 
behaviour. Human behaviour is, of course, 
vastly superior for many reasons. 

In general, an animal’s observation of a 
situation is inferior to man’s. Man ob- 
serves many things quite outside the ken of 
animals. He also weighs up a problem and 
exercises control of the means at his 
disposal in a manner quite impossible 
to an animal. 

Acting on Instinct 

We have been reminded that the old view 
that animals act only on instinct and man 
according to reason was unsound, as 
animals in fact exercise intelligence; but 
the view is also unsound on another count, 
as man is undoubtedly a creature of 
instinct. This used to shock many people, 
but modern thought has repeatedly stressed 
the truth that a great deal of man’s 
behaviour is motivated by instincts, or 


unlearned motives as sonte psychologists 
prefer to call them. For example, what an 
unhappy place the world has been made 
in this twentieth century by man’s un- 
reasoning lust for domination, by his fear 
and acquisitiveness. 

When you say 'T did it instinctively.” 
you usually mean “I did the right thing 
without thinking”; and this illustrates the 
fact that wc do not need to learn to behave 
instinctively, the pattern of behaviour is 
inherited. In fact, instinctive behaviour is a 
kind of inherited memory. We each have 
our own personal memory; but. in addition, 
we have had handed down to us certain 
ways of behaviour which our remote 
ancestors found necessary to preserve and 
maintain life. 

Many fascinating examples might be 
given of complicated instinctive activity of 
animals, but we will content ourselves v ith 
mentioning (he breeding migration of eels. 

In the autumn, mature eels leave the 
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Bv the time they have reached the rivers they have become fart’cr and rounder, although 
still transparent. In this form they are known as elvers. They ascend the rivers, usually 

in larye numbers, and rapidly develop into eels. 


pond-s in which ihcy have lived for about 
ten vears, and sometimes crawling for a 
mile or more over damp grass to the nearest 
stream, travel do\sn to the sea and then 
are led by instinct to their breeding places 
jn the depths of the sea. Eels, for instance, 
from England make their way across the 
Atlantic to West Indian waters. 

After spawning, all the cels die. The eggs 
hatch and the tiny tish slowly make their 
way homewards to the rivers and ponds 


from which their parents came about three 
years before. 

About ten years later, they themselves 
make the journey from pond to ocean, 
breed and die. 

We assume that the cels act as they do 
without thinking why they are so acting. 
This reminds us that an important difler- 
ence between the instinctive behaviour of 
man and of the animals is that man fre* 
qucntly has a more or less dear idea of 
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his purpose, whereas animals seem lo be 
impelled blindly. 

A definition of instincts will now be 
helpful; and we shall consider the famous 
definition by W. McDougall. It states that 
an instinct, is an inherited disposition; 

(1) to pay attention to objects of a certain 
class; (2) to feel in relation to the object 
a feeling of a particular quality; and (3) to 
act in a particular way in regard to the 
object or at least to feel an impulse to such 
action. 

To illustrate: the fear or danger instinct, 
or instinct of escape as it is also called, 
impels us: (I) to attend to any object which 
may be dangerous: (2) lo feel the emotion 
we call fear; and (3) to escape from the 
object — perhaps by running away or put- 
ting some barrier between ourselves and the 
object. Another instinct, say the parental 
or protective instinct, impels us: (1) to 
attend to a helpless child, or even animal; 

(2) to fee) tender feeling; and (3) to protect 
the child and minister to its needs. 

Examining the Stimulus 

The object arousing an instinct is called 
the stimulus, and in behaving instinctively 
man examines the stimulus more carefully 
and intelligently than does an animal in its 
responses, which are more automatic and 
blind. On the highest level it is the meaning 
of a stimulus which arouses an instinct. 
The response is not a merely mechanical 
and automatic response to a particular 
object. Thus, the instinct of fear or escape 
is aroused by a variety of objects — a mad 
bull, a car out of control, the wail of a 
siren— all of which have the same meaning, 
danger. The meaning of a few words in a 
telegram can arouse very deep stirrings of 
instinctive emotion. In a new-born child 
fear is aroused only by a harsh noise, and 
loss of support. 

The instinctive impulses are of funda- 
mental importance: not only in maintain- 
ing the life of the individual and of the race, 
but in providing the raw material of which 
character is fashioned. 

McDougall in his Social Psychology 
gives a list of instinctive impulses which is 
^ great assistance in studying human 
behaviour. He describes fourteen primary 


instincts: they arc flight (fcari; pugiuicity; 
repulsion (disgust); parental instinci; 
appeal; se\; curiosity; submission; avser- 
tion and self-display; greg.triousness; food 
seeking; acquisition: construction and 
laughter. Each of these tendencies operates 
in the way we ha\c mentioned when de- 
fining instinct. Thus each has its appro- 
priate stimulus, is accompanied by its 
appropriate quality of feeling (the emotion) 
and has its appropriate action or impulse 
to action. 

Constructive Instinct 

Further to illustrate our point; this time 
with regard to an impulse which is less 
prominent than others, as the majority of 
people are denied many opportunities of 
its expression — the constructive instinct. 
Any material which can be handled and 
used as raw material will arouse this 
tendency to construct things; and there is 
a real satisfaction experienced in the making 
quite apart from the usefulness or other- 
wise of the object made. Children love 
making things— from mud-pies lo Meccano 
models, and . their elders experience a 
similar satisfaction in knitting, woodwork, 
constructing buildings and organizations, 
and formulating legal codes. 

There are other shorter lists of instincts, 
based on our fundamental needs. We thus 
have the self-preserving, race-preserving 
and herd tendencies or ego instincts, sex 
instincts and herd instincts. 

An -important word of warning must be 
given. It must not be assumed that in 
describing a number of instincts we are 
suggesting that the self is divided into as 
many parts. In fact, the various instincts 
should be regarded as different expressions 
of one life force or energy — called by some 

people the libido. 

♦ 

Interpretation of the Libido 

This libido has been identified by some 
psychologists as the will to live, that energy 
which “sleeps in the mineral, dreams in 
the plant, wakes in the animal and becomes 
conscious in man.” In the view of others, 
the libido is mainly sexual; some identify 
it with self-prcser\'ation; others with the 
will to power. But any attempt to explain 
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human behaviour in terms ofone tendency 
only IS an o\er simplification and is 
misleading. 

In Chapter VII. the conditioned reflex is 
described. Inst incts, too. can be conditioned, 
that is. can be aroused by a conditioned 
stimulus; a stimulus other than the natural 
one. 

A little boy. not yet one year of age, was 
accustomed to playing p.Tfectly happily 
with dogs, rabbits and white rats. An 
experiment was tried in which the white 
rat was held out to the boy. He at once 
reached for it and at the same time a loud 
rasping noise was produced just behind 
ihe child. He was frightened at the noise. 
After this had been done a number of limes, 
he showed fear of the white rat even when 
it was offered him in perfect silence. 
Further, he had also become conditioned to 
fear the rabbit and the dog. Many of our 
fears are acquired in this way; in fact, as 
we have mentioned already, a new-born 
baby fears nothing except a harsh noise 
and loss of support. 

This principle of conditioning applies, of 
course, to all the instincts. An interesting 
example is our attitude to symbols— a 
flag, a badge, a school tie. even religious 
symbols such as the Cross. The symbol by 
conditioning arouses in us the devotion or 
reverence which is our appropriate attitude 
to the object for which the symbol stands. 

Expressing Ihe Instincts 

An important difference between man 
and the animals is in the manner of expres- 
sion of the instincts. Both man and the 
animals express them on the physical level, 
in the natural way. Dangerous objects 
arouse fear, strange objects curiosity, the 
mate arouses the sex impulse, a more 
powerful creature arouses submissiveness 
and so on. But man can also express the 
impulses on a higher level. 

Although the energy used is the same 
as that used when expressing an impulse 
naturally, it is now directed to a higher 
end. Thus, the assertive impulse which in 
its crude expression would seek to domin- 
ate any weaker person, can be expressed 
in helpful leadership. The sex impulse, the 
constant expression of which on the 


natural level is manifestly impossible in 
civilized society, can be expressed in 
creative work for the good of the com- 
munity. 

This process of redirecting an instinctive 
impulse is called sublimation or lifting up 
above the level of mere personal gratifica- 
tion. Being civilized, we know that we 
cannot on every occasion express our 
impulses naturally. The civilized man is 
distinguished from the savage and from the 
animal by his self-restraint. 

Surplus Energy 

The instincts serve the great end of 
providing for our physical and biological 
needs, and the progress of civilization has 
been accompanied by a lessening of the 
amount of instinctive energy required in 
satisfying these needs. This has left 
civilized man with a surplus of such energy 
demanding expression, which must, there- 
fore. be sublimated. Some of this surplus 
energy has been expressed in the an and 
learning which have enriched the life of 
man. 

The great advantage of a satisfactory 
redirection of instinctive energy is that the 
personality is strengthened instead of being 
buffeted by the conflict of crude impulses. 

Instinctive energy can be likened to a 
swift mountain stream. The stream, if 
allowed to rush unhindered down to the 
valley may cause, especially in time of 
flood, great damage to property and danger 
to life. But this same stream, if canalized 
and led through pipes, will drive electrical 
generating machinery which will bring 
light and warmth to people of the valley. 
The energy of the stream is unchanged, 
but its new direction makes all the 
difference. 

Similarly, the restless and destructive 
energy of the young hooligan can be re- 
directed under the influence of an ideal, to 
socially helpful ends. In sublimation, then, 
an instinct is diverted from its natural end 
to ends which are satisfying to the indi- 
vidual a»td are of value to the community. 

We have seen that the instinctive im- 
pulses can be regarded as a kind of racial 
memory; we are born with them. But, of 
course, this is not the whole story, as our 
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Brain of a man ami that of a dogfish compared. The ollaciory lobes are coneerned with 
taste and smell, while the cerebrum is related to the higher powers of thought. Xote that 
these regions diOcr greatly in size in the two living things considered here, .-i dogfish finds 
its food principally by its ta.\te and smell; if has a low order of intelligence. 


instincts become embedded in habits which 
are not inherited but acquired. 

Animals, too. acquire habits. A dog 
which sees his master take his hat and stick 
off the peg may at once run to the door. 

Importance of Habits 

Man’s habits, whether of body or of 
thought and conduct, are vital to his 
development. This was the view of the 
Duke of Wellington who said “Habit a 
second nature! Habit is ten times nature!” 
Habits are great labour-saving devices, as 
the more habitual an activity becomes — 
say typing or cycling— the less thought has 
to be expended on it; one might say that 
the unconscious mind has taken control. 

The experience of William James, the 
great psychologist, illustrates this. He was 
in Paris for the first time for ten years after 
he had attended school there, and was 
walking past this school when he forgot his 
surroundings and wandered on, day dream- 
ing. He came to himself later, on the stairs 
of the house a long way from the school 
at which he had lodged when a student ten 
years before. The sight of the familiar 


school had set in train his habitual activitv 
of walking to his lodgings ever)’ day. 

Habits are automatic, largely free of 
conscious control. Therefore, it is im- 
portant that we should acquire right habits. 
On these is built character, which has in 
fact been defined by one psychologist as 
the interpretation of habits. 

We have indicated that we acquire not 
only physical habits but mental habits. 
The latter may be illustrated by the story 
of the amateur detective who offered to 
guess the professions of his fellow pas- 
sengers in a crowded railway comparimcin 
if they would give him two meanings for 
the word "box," Everyone began by de- 
scribing a box as some kind of receptacle; 
but the second meanings given dilVered 
widely and revealed the thought, habits 
and professions or personal interests of 
the passengers. 

A lady, obviously “in the profession," 
said that a box is “the best place in a 
theatre.” The schoolboy thought it was 
“something you got on the ear,’' The post- 
man said it was “something received at 
Christmas." The pugilist thought it meant 
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INVESTIGATING THE ANIMAL MIND 

Experiment with rats. A labyrinth iwm arranged of narrow slats of wood leading by devious 
paths to a box containing food. After three attempts the rat found the shortest way to the 
food and thereafter took the short cut every time. This does not necessarily imply 
reasoning on the part of the rat, but rather the quick formation of a habit. 

“fighting with the fist." The American word sentiment with this meaning, but we 
baseball enthusiast explained that the box do use such terms as likes, dislikes, loves, 
is the “square where the pitcher stands.” interests, passions with regard to varibus 
The motor mechanic spoke of gear boxes; persons, things, ideas, 
the soldier of a sentry box; the sportsman 

of shooting boxes. Parental FeeUngs 

The exploration of a person’s habits of For example, a man has a sentiment of 
thought by noting the words he gives in love for his child in which various in- 

response to various test words, is put to stinctive emotions (parental tenderness, 

practical use in the treatment of neuroses, self assertion and gregariousness) are 

or nerves, as the ordinary man calls them, grouped round the idea of his child. 

As we go through life we acquire habits Whenever he sees his child, or thinks of 

of thinking, feeling and acting with regard him. he habitually feels in a particular way 

to things, persons and ideas. In other with regard to him and this feeling is a 

words, instinctive emotions become linked blend which includes the emotions 

to or grouped round various objects. If the mentioned. 

linkage is healthy we call the group a The confidence and affection a dog 
sentiment: if unhealthy, a complex. In shows towards his master, so different 
everyday speech, we may not often use the from the habitual fear and anger he evinces 
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towards a stranger who has hurt or 
Irightened him, show clearly that he too 
has acquired habits of feeling. 

An important difference between the 
sentiments of a human being and those of 
an animal— although, of course, wc have 
no certain knowledge of the mind of an 
animal— is probably that in a human 
sentiment there is an idea of the self: the 
man conceives his love or dislike as his. 
(t is doubtful whether an animal, on the 
other hand, has any consciousness of itself. 

John Smith says “I love my dog” and is 
aware of himself as a self-conscious being 
loving his dog: the dog loves his master, 
but this may merely mean that the sight or 
sound or smell of his master arouses 
pleasant feelings. We cannot assume that 
he is aware of himself as a being having 
any relationship with his master. 

Our most important sentiments are our 
moral sentiments: our love of truth, beauty 
and goodness: and here we reach the most 
important distinction between men and 
animals. Animals have intelligence, and 
some creatures are thought to have a sense 
of beauty; but man, in his possession of a 
moral sense, a judging of actions to be 
right or wrong, is sharply differentiated 
from the animals. Still further, he has a 
sense of the sacred. He can respond with 
his whole being to a quality or spirit in the 
universe which evokes his reverence. 

We are so made that w'e feel we must 
seek after what we call higher things. 
However much we argue as to the precise 
nature of the good, we have a conviction 


W.v 

which we will not give up. that there is an 
objective right; that morality is not a mere 
matter of custom or of feeling; that this 
right e.xisis independently of man’s ihinkiitg 
of it. All of us, whatever our characters, 
when driven into a corner must admit that 
one action is on a higher level than another. 
When pressed for a reason, all th.it we can 
say is that action A is right; action B is 
wrong. 

Man is guided by conscience — however 
ill-instructed some consciences may be. 
Conscience informs us whether or not an 
act is in harmony with one’s ideal, witlt 
one’s self respect. 

But some will ask, is man free to choose 
the right, has he free will? Are not his 
actions rigidly determined by his heredity 
and environment? Those who argue that 
we have no free will argue very logically 
and vve may find it difficult to refute their 
arguments. But although beaten by logic 
we finish by saying ‘And yet I am free.” 

Wc obviously have not complete free- 
dom; wc arc limited by our physical 
environment, for example; but it is merely 
playing with words, to say that vve cannot 
choose the right as vve see it. No man can 
honestly say that he mint do an underhand 
trick. 

To deny freedom of choice is, of course, 
to cut at the basis of all law and morality. 
If a man cannot choose, it is absurd to 
call him to account; even the most 
bigoted opponent of the doctrine of free 
will, will surely want to hold responsible 
a person who has burgled his house. 


Test Yourself 


1 . 

2 . 

3 . 

4 . 

5 . 

6 . 


Which of man’s activities distinguish him from the rest of the animal 
kingdom? 

What are the two factors upon which intelligent behaviour depends ? 
How vyould you define an intelligent person? 

What is instinct ? Give one example of instinctive behaviour. 

Give two examples of instinctive impulses undergoing sublimation. 
On what principle are modem intelligence tests based ? 

McDougall in his “Social Psychology” listed fourteen primary in- 
stincts. Write down as many of these as you can remember. 

Answers will be found at the end of the book. 




COURTSHIP IN THE BIRD WORLD 

Coiiriship phivs a f'lrai part in l/ie life of birds and some species seem to make love foriwo 
seasons before aelnalle mating. Feeding of the female by the mule is commonly pan of the 
courtship beuveen them. In this picture a male great tit is seen placing food in his mate s beak. 


CHAPTER X 


COURTSHIP AND MATING 


T he subject of new life, and how it comes 
into being, is one of the most enthralling 
in the world and. to many, one of the 
greatest of life’s mysteries. 

At one time, in fact until comparatively 
recently, it was believed that among the 
lower forms of life new creatures arose 
spontaneously, that is to say, from lifeless 
material. It was not until the nineteenth 
century, largely as a result of experiments 
conducted by Pasteur, that this theory was 
finally disproved. 

No one can say how life upon the earth 
first began, but scientists believe today 
that all life is derived from life, that is, that 
new living things can arise only by a pro- 
cess of reproduction from living things 
of the same sort. 

There are two main processes of repro- 
duction, sexual and asexual, that is. with or 
without sex. Man and the higher animals 
all reproduce with sex. but numerous plants 
as well as the lower forms of animals re- 
produce themselves asexuaily, although 
asexual reproduction is occasionally found 
as high in the scale of animal life as some 
of the insects. The pupa of a midge, for 
example, can lay eggs which will hatch and 
develop into adults. These creatures also 
reproduce sexually in the adult stage. 

Reproducing by Division 
The simplest form of reproduction is by 
what is known as fission. In this process 
the organism divides into two halves, each 
half continuing thereafter a separate life of 
its own. In due course, the new individual 
splits again, and so ad ht/lniium. 

Some plants and simple animals are able 
to reproduce by growing a bud, which 
eventually becomes detached and forms a 
new individual. This is known as budding. 
Sometimes both sexual reproduction and 
budding are employed. 

Some lower forms of animals, such as 
the common sponge, can be reproduced 
from cuttings, like plants; this is called 


vegetative reproduction. A few relatively 
much higher creatures, for instance the 
planarian worms, seem literally indestruc- 
tible. If one of these be cut transversely 
into several pieces, each grows a new head 
and tail, and the apparent end of the 
original worm results in a team of new 
worms! Some animals have the power to 
regenerate an organ if it is cut otV. A star- 
fish, if it loses an arm will grow a new arm 
in its place; more ama/ing still, the arm 
that has been cut oil' will develop into a 
new starfish. 

We find some strange variations played 
upon the themes of sex and sexlessness. 
The common garden snail, for example, is 
a hermaphrodite, yet spring always sees 
these creatures in pairs, raised one ag.iinst 
the other, foot to foot ; sometimes three 
may thus combine. In this attitude, main- 
tained for a long time, they stimulate each 
other by the injection of little flinty javelins 
termed love darts. 

Some molluscs (the oyster and its chief 
enemy, the slipper limpet, are familiar 
examples) change sex rhythmically with 
succeeding years. 

Virgin birth, or parthenogenesis, is a 
commonplace with many animals. The 
female greenfly can produce several genera- 
tions without the intervention of a male. 
Bees are also to some extent partheno- 
genetic. The queens and the workers, which 
are only undeveloped females, come from 
normal eggs, but the drones, the male bees, 
arc derived from unfertilized eggs. 

Even where the two se.xes are well de- 
fined, ordinary contact is not necessarily 
indispensable. Skate and dogfishes mate 
almost like cats or cattle, but the males of 
the higher fishes spray with milt the eggs 
as they arc extruded by the female, a most 
wasteful form of reproduction. Some 
creatures laying relatively few eggs take 
fantastic steps to ensure their fertilization. 
The male of the tiny book-scorpion 
places its sperm in a sort of wine glass or 
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membraneous chalicc. which is presented to 
the female. 

The males of some little fresh-water 
fishes take the milt in an organ rather like 
a longue and insert it in the female's 
mouth, where it is later joined by her eggs, 
presiously laid in some secret recess. Inci- 
dentally. the females of certain flat fishes 
may on occasion level up the sexes, by 
taking on the duties of males, their anal 
fins serving the purposes of intromitient 
organs. The male of the common newt, 
after a most fantastic love-dance, deposits 
his sperm in the form of a small capsule, 
which the female picks up and puts in close 
pro,\inniy to the eggs within her. 

The males of all mammals, birds, rep- 
tiles. practically all insects, and some of 
the fishes and water arthropoda, deposit 
the sperms directly into the bodies of the 
females. This is the better to ensure 
fertilization of the egg. 

Wooing Devices 

Some of the devices to which animals 
resort to attract members of the other sex 
are very curious. 

The wooing of the fiddler crab, a creature 
that swarms on every tropic and sub-tropic 
shore, is amusing. The male has one claw 


twice the size of its whole body, which it 
flourishes before the lady of its choice with 
tireless persistency until she signifies her 
acceptance. Among spiders, courtship is 
rather a gruesome affair. The female is 
much larger than the male and if she gets 
a chance she will eat him, even before the 
marriage has been consummated. Conse- 
quently, the unfortunate male spends his 
wooing in alternately seeking to attract the 
lady with fantastic dances and flying for his 
life. 

It seems likely that the female spider's 
ferocity is prompted by the urge to fortify 
herself against the strain imposed upon her 
in egg production. The same instinct prob- 
ably also animates the female praying 
mantis, who sometimes devours her partner 
even whilst their union is being consum- 
mated. 

Other devices adopted by the higher in- 
sects are more attractive. The female glow- 
worm lures her lover by a light emitted 
from her abdomen. The male empid, a 
small carnivorous fly. will bring little 
offerings (usually in the form of food) to his 
lady love enclosed in little bubbles of fine 
silk spun by himself from secreted material. 
Often he will fly hither and thither before 
he finds an appreciative mate. Sometimes 


EGG-LAVING APPARATUS 

The jemah’ khm-umon fiy has a long egg-laying apparatus, called an ovipositor, at the hinder 
end of the body. Many of these flies lay their eggs in the larvae of other insects. This 
particular species drills holes in wood and lays its eggs in the holes. 
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HOW NEW INDIVIDUALS ARISE 

Reproduction in animals is achiered in various ways, and it can take place with or will, out 
the intervention of sex. Asexual reproduction is more common in the more primitive 
organisms Sexual reproduction is the only method found among the animals with back- 
bones. Mammals deposit the sperm inside the body of the female to ensure feriilizaiion. 



SFMDhk AND ITS EGG 

SpUk'ts spin \ilkc/t nHOifffs am/ /ay thch eggs in thent. In fl/is picture a hunting spukf 
is sluncn carrying its egg h/VA delicate care. It h ill guard it jealously. Courtship among 
spidets is a stormy off air and the female will attack and even devour the male. 




SLUG LAYING EGGS 

Sliifis. like snails, are Iwrmaphrodiie. each imlivUhuil eoniainiii'^ llie reprodintiu’ oii:(iii.\ 
of both sexes. Therefore each iiulividiuil can lay e^igs. A black slag is shown laying ils 
hatch of eggs. It produces large qiianlilies of these gelatinous globules. 


his offering takes the form of some small, 
brightly coloured trifle. 

Many fish indulge in the most fantastic 
posturing and contortions, usually accom- 
panied by the temporary assumption of a 
suit of gaudy colours. The little stickleback 
is a passionate and most amusing wooer. 
But fish, true to their nature, are essentially 
cold-blooded creatures and have no further 
use for their mates once the marriage has 
been consummated. 

Birds arc in some respects the most re- 
markable members of the animal kingdom. 
Their mating and breeding are full of 
interest. 

A bird will lay eggs without mating, but 
these eggs will be infertile. A white-tailed 
eagle in a certain zoo was for ninety years 
believed to be a male bird. At the end of 
that long period she laid her first egg. which 
was, of course, infertile since she had no 
mate. Mating is a joyous thing for birds. 
The act of mating is often a swift and care- 
free one, free and delicate almost as the air 
through which birds fly. Most birds mate 
on the ground or on trees, but there are ex- 
ceptions. The swift mates in the air, at a 
considerable height, both birds screaming 
as they fall. Many sea birds mate on the 
water, as do grebes, ducks and other birds 
more at home on water than on land. 

Mating takes place before the eggs can be 
fertilized, but the act of coition may con- 


tinue at intersals through the period of 
• incubation, as at intcnals duriitg the period 
of nesi-building. Not by any means all 
b.rds make nests. The long-tailed titmouse 
usually takes weeks to construct its domed 
nest, lined with feathers to the number of 
between one and two thousand. What a 
contrast is that beautiful home to (he 
simple hollow scraped by the oyster- 
catcher. a hollow that is sometimes lined 
with rabbit droppings. The oyster-catcher 
does, indeed, at times make a primitive 
attempt at a nest, but a number of species 
make no nest at alt. 

Breeding of Sea Birds 

Let us consider the most numerous sea 
bird in Britain — the guillemot. This bird 
breeds in immense colonies on sea cliff's or 
stacks around the coasts. The birds sit on 
the-r large, pear-shaped, often beautifully 
marked eggs, so close together that they 
touch. There is no nest of any kind. The 
egg is laid on the rock, and is there incu- 
bated. held penguin-like on the bird's feet. 
When a guillemot colony is suddenly dis- 
turbed from above and the birds fly in alarm 
out to sea, some of the eggs are almost . 
always pushed off the ledges and are broken 
on the rocks below. 

Why is it that some birds lay one egg. 
and others, such as the corncrake, ten or 
twelve? The reason may well be that those 







birds laying ihc most eggs have the greatest 
number of enemies. Let us take two 
examples, the corncrake and the fulmar. 
The corncrake nests in fields of hay and 
corn. It lays ten to twelve eggs, sometimes 
c\en more, yet it is decreasing everywhere, 
and in some districts is no longer found. 
Although the young corncrakes run actively 
from the earliest age. many are taken by 
cats. The parent birds do not seem to have 
adapted themselves to new menaces. In 
olden times the hay and corn were reaped 
by the scythe, which enabled the parent 
bird to leave the eggs before she was killed, 
and also gave her a chance to collect and 
lead her brood to safety. Then arrived the 
horse-drawn reaper, which came upon the 
corncrakes and their young before they 
had time to escape, and now. a still greater 
danger, the motor tractor. Only in remote 
districts, where primitisc methods of hus- 
bandry are still in use. does the corncrake 
now hold its own. 

At the other end of the scale, let us take 
the fulmar petrel. The fulmar, a bird of the 
ocean, lays one egg. and if that egg be 
remosed. or be sucked by a gull or crow 
when it is perfectly fresh, the bird will not 
lay a second egg that year. It might, there- 
fore, be thought that the fulmar would be. 
like the corncrake, a decreasing species. 
Yet. perhaps more than any British bird. 
It shows a remarkable increase. In the 


KISSING FISH 
Here are two fish which seem to 
kiss like a pair of film stars, 
though in the case of the fish 
the purpose of the kissing is not 
known. The kissing goiirami 
lives in the Malayan region. It 
has an accessory respiratory 
organ which enables it to live 
for some time out of water. 

nineteenth century its only 
breeding place in Britain was 
on the remote island group of 
St. Kilda. lying one hundred 
miles west of the mainland of 
Scotland. It is now found 
breeding round the entire 
coastline of the British Isles, 
and each year is forming 
new colonics. The inference is that the 
fulmar has singularly few enemies, A 
greater black-backed gull at times carries 
off a young fulmar to feed its young, and 
herring gulls suck the eggs when they have 
an opportunity, but the percentage of 
young birds lost must be very small to 
account for the increase of the species. 

Two Ways of Life 

The fulmar is one of those birds which 
make no nest in the generally accepted 
sense of the word, but scrape out a shallow 
depression on an earth-covered ledge of 
rock or lay their egg on the hard rock 
itself. The contrast of life for those birds 
of the ocean during the breeding season is 
remarkable. The guillemot, razorbill and 
other diving birds, are at sea during the 
rest of the year and never alight on land. 
The fulmar in autumn and winter sails 
above the ocean over the wild waters of the 
Atlantic from Scotland to Iceland, and 
over the northern seas from Scotland to 
Norway and from Norway to Spitsbergen. 
Then, in earliest spring, it returns to its 
rock, where it lives, for a period, the life 
of a land bird. 

The mating of the fulmar is a protracted 
affair; the honeymoon is prolonged. When 
these birds found a new colony they do not 
lay the first season, or sometimes even the 
second. Throughout the spring and summer 
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NEST THAT FLOATS 

The iiivat ciesied grebe hiiihh a iiesi oj Jholiiig reeds which is not easily reached hy creatures 
wishing to plunder the eggs. Moreover, when the female bird leaves the nest she covers 
the eggs carefully with vegetation and thereby makes them inconspicuous. 

monihs. they court on the ledges, then dis- When the ledges are inaccessible to the 

appear into the ocean solitudes and are human observer it is sometimes hard to tell 

seen no more until early next spring, when whether the birds have laid or not. for they 

they return and have another prolonged do not. like the gulls, stand upright but 

period of courtship, again perhaps without squat on the ground, as guillemots and 

an egg being laid. Presumably, these new razorbills do. It is rare to see a fulmar stand 

colonies arc founded by young birds which upright, and this it does at most for a few 

pair — as there is some evidence the golden seconds, before subsiding to the usual 

eagle docs — before they arc mature. position. 

During this prolonged courtship the Some sea birds on occasion make a nest, 
fulmars seem to lose none of their ardour, and on occasion make none. Take for 

They squat on the ledges, fondling one example the family of the terns, sometimes 

another with their bills and uttering deep- called the sea swallows. The Arctic tern 

toned quacking cries, quickly repeated, sometimes lays her eggs on the bare sand. 
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WHY DIVtRS LAY THEIR EGGS CLOSE TO WATER 


LOCH-SIDE NEST 
Divers breed on inland 
waters and frequently lay 
their eggs close to the water 
so that they can dive in 
straight from the nest. A 
black-throated diver is shown 
on her waterside nest. 


incubiition period and thus the bird nia) 
no longer be able to dive from the eggs 
into the water. Anyone who has watched 
either the black-throated diver or the 
red-throated diver on land knows how 
handicapped the bird is under these (lor 
It) strange conditions. Its legs are set too 
far back to enable the bird to walk, and it 
progresses painfully, mostly on its breast. 
On Mofiin Island in the Arctic, a small, low 
island north of Spitsbergen, the tide receded 
far from a lagoon at the margin of which 
(at high tide) a red-throated diver laid her 
eggs. At low tide, the diver when disturbed 
had of necessity to make her way as best 
she might some distance overland before 
she reached the friendly sea. 

Moflm Island is rarely disturlxid by the 
human race, but on the occasion when the 
writer visited it with the Oxford University 
Expedition he saw, after landing on the 
island, a pair of red-throated divers 
approach the shore of one of the lagoons. 
On reaching the margin of the water, one 
of the divers scrambled on to the land and 
progressed with a ludicrous, ungainly 
motion over the ground, moving along 
with laboured leaps and more than once 
falling forward on her breast. The distance 
from the water's edge to the eggs was 


but on occitsion shows an aesthetic turn ol 
mind, for she scrapes out a hollow and 
lines it with the buds and flowers of the sea 
thrift. On these dark rosy buds and pink 
llowers the tern lays her two, or perhaps 
three eggs, delicately marked or spotted, 
sometimes of a pale, unmarked blue. 


Mating on the Water 

Most diving birds perform the act of 
mating on the water, and it is probable that 
the fulmar, although it courts on the ledges, 
mates on the surface of the sea. Guillemot 
and razorbill mate on the water, so do the 
black-throated diver and the red-throated 
diver, the grebe family, ducks, swans, geese 
and other birds. Razorbills, before mating, 
court by swimming round one another, 
sometimes facing each other and touching 
each other with their bills. The red-throated 
diver performs feats of swimming and 
diving during courtship, so do the grebes. 

Grebes build substantial nests, which arc 
floating platforms in the reeds. When a 
grebe is disturbed the eggs are covered with 
aquatic vegetation by a few quick strokes 
of the bird's bill and the sitter dives swiftly 
into the water. Unlike the grebes, the red- 
throated and the black-throated divers lay 
their two large, dark eggs at the margin of 
the loch, where the bird.s 
can dive straight from 
them beneath the surface. 

Compared with that of 
the grebes, this type of 
nesting-site presents two 
disadvantages. The loch 
may rise and the water may 
flood the nest and sweep 
the eggs away. 

The second danger, al- 
though not so serious a 
one, is that the loch may 
shrink during the diver’s 
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incaMjrcd and iDund (o be U^cniv \arJs — 
an cxtcpiinnal distance for a di\er to ha%e 
lei ira\cl over the ground. 

( ompare the primitive nesting hollows 
of the di\er>. terns and fulmars, with the 
ct'mroriable and elaborate nests of other 
birds fhe uillow warbler, the long-tailed 
til. and other small birds — even the house 
sparrow ofuntidv nesting habits — line their 
nests warmly with feathers. .Ml three of 
these species build domed nest« in order 
to shelter the brooding bird, and later the 
voting, from wind and rain 

The golden eagle, largest and most 
splendid British bird, makes, as is natural, 
the largest and most substantial nest. One 
evne. built in a Seots pine in the Central 
Highlands, has been added to through the 
years until it is now approximately liftcen 
leei high. When she nests in the old 
C aledonian Forest, the golden eagle builds 
her ncst almost entirely ol tir branches and 
lines it with fresh green tir shoots and twigs, 
which are torn from the trees During the 
prolonged fleilging period of the eaglets, the 
parent eagles bring from lime to time to 
the eyrie green pine branches and flowering 
shoots of rowan, or mountain ash. The 


writer has watched an eagle tearing out 
heather by the roots and carrying it to the 
ncst after the hatching of the young. 

Most birds choose a new nesting site 
each spring, but this is not by any means 
the rule. The raven returns year after year 
to the same nest, which has been tramped 
almost out of recognition by the feet and 
the weight of the large brood the previous 
season. Most pairs of golden eagles have 
two eyries, and use each alternately. An 
eyne before the eaglets have left it becomes 
fouled by the prey which has lam in it, 
although the eaglets themselves are cleanly 
in their habits, and before they eject their 
excreta are careful to rise and stand with 
back towards the edge of the nest, so that 
the excreta, which is semi-liquid and is 
forcibly ejected, falls to the ground well 
clear of the eyrie. 

A bird occasionally uses the same ncst 
for a second brood the Sitme season. The 
blackbird has been known to do this and 
the dipper or water ousel. Some birds use 
the discarded nests of other species. A long- 
cared owl may lay in the old ncst of a grey 
or Ciirrion crow. In the Outer Hebrides a 
merlin has nested in the old ncst of a grey 

crow, built on the ground in 
long heather and not in a 
rock, as is usual. 

In most species the male 
shares with the female the 
building of the ncst. The 
long-tailed til's nest may 
take six weeks to complete 
and during that time both 
cock and hen make frequent 
journeys to the nest; they 
must fly many hundreds of 
miles during their nest 
building. The golden eagle 
sometimes begins to nest 
as early as January, so that 
the nest-building period is 


WHITETHROAT AND 
YOUNG 

This small bird builds att 
elaborate nest on or near the 
ground. The father helps to 
build the nest but mother 
feeds the babies. 



PATERNAL RESPONSIBILITY 

In iotnt; birds i/w /allwis Iwlp with llie job oj Jeiulinx llie yoinis; hinls. This is fs/uritilly 
II ue of the hanks, nhieh ore larnivorous and haw a loraeioas appetite when they are loime. 

.4 male merlin {rif’hi) is shown feeding his yonnii. 


someiimes upwards of two months. Com- 
pare this with the nesting (if such it 
can be called) of the lesser tern, who 
scrapes a small hollow in the sand 
and lays her eggs there, the hollowing 
out of the depression taking only a matter 
of a few minutes. 

Colour of Eggs 

There is an enormous langc in the colour 
of birds' eggs. Broadly speaking, the birds 
which lay brightly-coloured eggs arc those 
which nest in concealed sites, where 
enemies aic unable to see the eggs. Owls 
and doves lay white, unspotted eggs; the 
redstart and the starling, which nest in 
holes, lay brilliant blue eggs. Birds which 
nest in the open, in scant concealment, on 
the other hand, lay eggs which harmonize 
closely with their surroundings. The oyster- 
catcher, which nests on shingle beaches 
along the coast, and’ also on the shingle 
beds of most of the Highland rivers of 
Scotland, lays eggs which harmonize per- 
fectly with the neighbouring pebbles; 
indeed, even practised observers sometimes 
find it hard to see them. 

An oyster-catcher does not sit closely 
but runs off the eggs and across the heather 
or shingle before the human intruder has 
come near the place. Even when the eggs 


arc chipping and the small, dusky ojstor- 
catchers arc cheeping inside the eggs, or are 
breaking through so that their bills and 
heads show, the parents do not Ix'tray their 
anxiety but stand quietly beside the river or 
shore, as if they had no special interest in 
the locality. During the mating season, and 
even after the nesting has begun, oyster- 
catchers play the game of “follow my 
leader." The birds, usually in odd numlvrs. 
run excitedly backwards and forwanls. or 
in circles, each with head down so that the 
bill almost touches the ground. During 
the game — if this it be — a continuous ex- 
cited high-pitched whistling is maintained. 
These excited cries are distinct from the 
oyster-catcher's song, which is interesting 
because the flight of the bird is then altered 
(the singer sings in the air). 

Normally, the oyster-catcher’s flight is 
fast, the wings being driven rapidly, but 
during the song the wings are moved no 
faster than those of a gull. Sometimes the 
change-over in the speed of the wing beats 
can be seen when the bird, after flying for 
a time in the usual manner and in silence, 
begins his song, which is a double note re- 
peated at regular intersals. The oyster- 
catcher is not alone in having a distinctive 
flight for the song. The golden plover when 
singing mounts high in the air before the 
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lull song IS gi\cn. The swift faicon-likc 
llight ol the pkner is then changed to a very 
slou uiiig be;.t. Mere again the song is a 
double whistle, the first in a low key. the 
second in a higher one. The low note is 
uttered as the slow downward thrust of the 
wing IS made; the high note as the upward 
lift of the wing follows. As the two whistles 
are uttered in a leisurely manner, it will be 
seen that the upward motion and the down- 
ward thrust arc made scry slowly indeed. 


Singing in Flight 

More birds sing on the wing than is 
generally supposed. The blackbird sings 
as he Hies, as docs the missel thrush, largest 
member of Britain's thrush family. The 
Sreenlinch is another singer on the wing. 


the night during the song being incon- 
sequent and almost swallow-like. The lark 
is, of course, an almost purely aerial singer, 
as is the curlew, yet both these birds do on 
occasion sing on the ground. 

When the eggs hatch the song of most 
birds is less frequent, but in those birds 
having a second brood this quiet period is 
not of long duration. Many birds have 
second, and some third, broods in the 
course of a season, and thus renew their 
courtship. The song thrush and the black- 
bird are among the number which on 
occasion rear three broods. The hous: 
sparrow- rears at least three broods in the 
course of a year, and the ring dove or wood 
pigeon ncs's from February and March 
until late October. But even this bird is not 


INCUBATION OF THE EGGS 

The iiiollier hinh^iaii ds the < and keep'i them warm hy her body. From lime to lime she 
liirn\ I hem over. A hen lapwing {or i’rcen plover) is shown senUn^ down to brood on her eg^s. 




OYSTF.R-CATCHFR ON GUARD 

The ovsfer-iauher is \hown here in a ehtiraelerislie onifttde, fei^nina indillerenee 
10 (iisirth i the alleniion of the observer from the neM n liU h is some Jisiaiu e 

is ineonspieuous as the eggs harmonize with the surrounding pebbles. 


in order 
The nesi 


so persisient in its nesting as the rock doves 
of the Scottish coast, whose eggs or young 
may be seen in any month of the twelve. 
The young rock doves are unharmed by 
snow and frost— the nests are in sea caves 
and thus arc to a certain extent protected 
against the cold — and even survived one 
of the most severe spells of January frost 
and snow in living memory. 

It may be said that, broadly speaking, 
the number of broods of young reared in a 
season is dependent on the length of the 
incubation period. Birds with a prolonged 
incubation period have usually one brood. 
The fulmar, brooding for six or seven 
weeks, lays only one egg in the year. 
Indeed, most sea birds are single brooded 
and most of the great family of waders are 
single brooded, as are ducks, swans and 
geese, but ringed plover and woodcock 
sometimes rear two broods in a season. 
Most birds lay a second clutch if the hrst 
is taken when the eggs are fresh. 

Old Nesting Sites 

Birds are faithful to old nesting sites. A 
pair of oyster-catchers have to the writer’s 
knowledge nested in the same part of a 
smalt shingle bed on a Highland sea loch 


for the best part of twenty years. A pair of 
eagles may nest in the siime tree or the 
same cliff for fifty or a hundred years. In 
Highland tradition, the eagle is the longest- 
lived among birds and greatly e.xcceds the 
life span of man. It is diflicult to prove or 
disprove this belief, but two instances have 
been recorded to show the age reached by 
an eagle. One is the sea eagle previously 
mentioned, which in a zoo laid its first egg 
at the age of ninety, the other is of an eagle 
shot with a gold collar round its neck 
bearing a date ninety-five years earlier. 

It is broadly true that the more slowly a 
bird becomes mature the longer it lives. 
The gannet is five years old before it is 
mature, and thus takes approximately the 
same number of years to develop as the 
eagle. There are no records to show the 
age reached by a gannet, but the inference is 
that it is great. The widely practised 
ringing of birds may in time provide 
valuable information on a bird’s life. 

The variation in the incubation period 
in the bird world is great. Broadly spieaking. 
the larger birds have the more prolonged 
incubation period, but there arc exceptions, 
and the storm petrel, a sea bird sc;ircely 
larger than a swallow, broods its one small, 
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glossy, white egg for six weeks before it 
hatches it. 

It seems also to be a broad rule that the 
longer the incubation the longer the 
fledging period. The young swallow is 
Hedged in three weeks; the young storm 
petrel takes nine weeks in the fledging. 
Both swallow and storm petrel have help- 
less young when first the eggs are hatched. 
How different are the young of the red 
grouse and the ptarmigan. Young ptar- 
migan especially arc most active on the 
first day; they lead a free existence, and 
run far from the nest, to which they do not 
again return. 

The world would be a different place 
without its birds, for they add life and 
colour to the earth, and their music adds 
pleasure to the life of men. 

Sex Instinct in Mammals 

Among the more highly-constituted 
mammals, the sex instinct as a general rule 
finds much less poetic expression. On the 
other hand, as we ascend the animal scale 
we find a greater tendency to make love, 
as man does, in secret. 

Voice plays an important part in animal 
courtship, but not always in sounds which 
bring pleasure to the human ear, at any 
rate: for instance, the miaowing of cats at 
midnight or the bellowing of stags in the 
autumn. Some animals are practically 
silent except in the mating season, while 
others have their vocal organs greatly aug- 
mented by special devices at that time. 

When one finds an animal has some 
curious ’and at first unaccountable habit, 
it generally proves to have some bearing 
on sex, possibly a method of advertising, 
designed to bring the sexes together. Some 
of their advertising or telegraphic systems 
are very interesting. As the mating season 
approaches, most of the weasels have their 
musking places, where they leave the strong 
aroma from their musk glands by rubbing 
these glands on any convenient object, a 
stump of wood, a branch, a stone or, in 
captivity, their food vessels may be used. 
Both sexes practise this, and it is probably 
the most usual method of advertising 
among the musk bearers. 

The cats and dogs leave their scent in a 


slightly different way, but again by fre- 
quenting those places where others of their 
kind (if not of their sex) are likely to pass— 
at the cross-roads of life, so to speak. The 
wolf of the prairies knows well that if there 
is the skeleton of an ox or a horse lying 
about, any wolf passing that way is certain 
to visit it, so there he leaves his sign. The 
wild cals usually follow the small game 
paths, and are fond of leaving their mes- 
sages on a log crossing a stream, knowing 
the weakness of their own kind for log- 
walking — a habit which often exposes them 
to the wiles of the trapper. 

Beavers and otters have much the same 
ways of advertising. A restless young beaver 
will run up a rivet, decide where he is going 
to build his dam, and probably start it. 
Thus, having staked his claim, he goes 
back to the main waterway and leaves his 
signs at the junction, which other young 
wanderers are sure to pass, and any other 
beaver knows that there is one of his own 
kind at work up the water. So up it goes 
to have a look round. It may be another 
young male, in which case they join forces 
and get ahead with the important work of 
building. More signs are put out, and it 
is thus that beaver villages and cities are 
formed. 

Every spring the mud (or sand) pies of 
the otter can be seen at certain frequented 
places on every loch and river the otters 
inhabit. They can be found at roughly the 
same points year after year, most frequently 
where a dead tree lies across a stream, thus 
blocking the straight line of progress. The 
mud pies look rather as though a child has 
been playing there, but on the top of each 
the otter leaves his sign. 

Tree-marking Habit 

The bears have a peculiar habit. They 
register their topmost reach on the tree 
trunks by raking them with their claws, 
generally using their fangs too, and num- 
bers of trees are to be seen deeply scored. 
As the tree grows upwards the marks are 
apt to create an exaggerated idea as to the 
size of the bears living, or which have 
lived, in that locality! 

Foxes behave much the same as the other 
canines, but their love affairs are more 
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amusing. Fights arc common among the 
males, and are frequently heard, though 
not so frequently seen, as they occur mainly 
at night time. A lovelorn vixen seeking a 
male lets fly a terrible squall, which has 
often severely scared people. Any dog fox 
hearing it naturally gravitates in that 
direction, so that where foxes are numerous 
the lady may find herself surrounded by 
a whole party of admirers. Coyly she moves 
away, and the whole male rabble follows 
at her heels, snarling and grimacing at 
each other. Should one of them become too 
impertinent, she whirls round and bites 
him. then all the others bite him. and soon 
finish up by all biting each other, till a 
veritable scrimmage is formed. By the time 
they have sorted themselves out, the vixen 
is probably out of sight. 

Monogamy Among Animals 

Some animals marry in the true sense, 
male and female sticking together and 
guarding their young mutually, and there 
is no doubt that the majority of birds are 
monogamous. A few, like the cuckoo, and 
some of the more brilliant game birds, 
are the exceptions. 

The fox is really monogamous, though 
he goes astray a good many times. All 
monogamous animals do. We must not 
compare their morals with our own. The 


most faithful fox father, carrying food for 
his vixen and watching over his young, is 
bound to trip up if the opportunity occurs. 
In fact, they are all opportunists. 

So far as one can judge, badgers are more 
faithful to the laws of monogamy than are 
foxes, but they spend so much of their 
lives underground and are so strictly noc- 
turnal that they are not so easy to learn 
about. 

Very early in the spring, the old dog 
badgers begin to wander about the hill- 
sides. cleaning up the earths and leaving 
immense heaps of soil or sand at the bur- 
row entrances. This is the first indication 
of the mating season, and the badgers in 
high mountains certainly travel great dis- 
tances as winter tails off. Their unmis- 
takable, bear-like tracks are to be seen 
crossing every snowdrift, and so from one 
mountain cairn to another in search of 
their mates. 

Wild cattle can be described as clannish 
rather than monogamous. The families stick 
together, generally led by some old grand- 
mother of the clan. One can see the family 
likeness running through them. Often these 
old grandmothers are so beloved by their 
children and their children’s children that 
their coats acquire a curly and silken 
texture through one or another of the herd 
constantly licking them. When a calf is 


RIVER DWELLER SEEKS A MATE 

Oilers nesi in burrows in the hanks of rivers and the young are born there. The males 
leave little heaps of sand or mud near their dwellings and these signs help them to find mates. 




hOX’S MATING CALL 

roxcs nest in burrows or "oauh\" tiuil hour thoir voting ihcir. If o /'cnialo fox pcireiws 
(I nutk' during ilie milling season she gives a ery whkh often attnu is other male\ aho to her. 


born ihe bulls will gaihcr round it in an 
iron ring, heads outwards, to protect it and 
Its mother from the meandering wild dogs, 
or whatever the enemies may be. It would 
seem that generally the wild cattle have an 
intense atVeciion for each other, but one 
cannot say that they are monogamous, any 
more than arc the domestic cattle of our 
fields- 

Thc majority of the weasels arc poly- 
gamous, and so are most of the smaller 
cats. If stoat meets stoat, or weasel meets 
weasel, it is generally either a love afiair or 
a fight to a finish. The male definitely docs 
not participate in the upbringing of the 
young. Cals mate only for a brief period, 
then again the male goes off. It would 
appear that this applies to the leopard and 
the tiger, but the more dog-like lion, on the 
other hand, sticks to his mate and his cubs, 
and certainly plays a part in the upbringing 
of the young— unless he gets angry and 


decides to cat them. This ni.i> happen in 
the best of wild homes. 

So far as the females arc concerncil, the 
most gentle and faithful are often among 
the savagest; the mother woKerme, for 
example, the ferocity of which was referred 
to in a previous chapter, is an exemplary 
mother. She will face tire and water, even 
man. in defence of her family. Most of the 
rats arc polygamous, most of the mice at 
least live in pairs, as do squirrels. 

So we go on up and down the scale, 
generally finding that those which live the 
best home lives are most attractive to our- 
selves. and are best able to maintain their 
footing on a level standard. 

We come now to those animals, mostly 
the split-hoofed animals, the deer, the 
sheep, the goats, and so on. which have 
their regular mating seasons, which we call 
their rutting seasons, most of them m 
the autumn. At other times of the year 





R red deer s challenge 

A male red deer challenging 
another to fight during the 
mating season. The females 
of the species tend to mate with 
the winners of these fights. 

‘ Though various deer have 
I r'- been introduced into Great 
Britain from Japan and else- 
where, the three indigenous 
deer are the red deer (stag) of 
. the Scottish Highlands, Ex- 

■ moor, the New Forest and a 

; few other places (these are the 
fvi biggest); the fallow deer, herds 
• 5^ of which run wild in various 
places from Dunkeld in Perth- 
• ’ shire to Hampshire (this is the 

parkland deer with the pal- 
^ mated antlers), and last but by 
no means least, the clever little 
woodland roe with his upright 
M dagger horns, distributed all 
over Scotland and fairly 
plentiful in the wilder parts of 
England, particularly the Lake 
District. It should be noted that 
with the largest deer (moose, sambur, 
wapiti, caribou, and a few others) the par- 
ents and young are designated cow, bull 
and calf. With the red deer they are stag, 
hind and calf, while with the smallest deer 
(and they are dotted all over the world) the 
names are invariably buck, doe and fawn. 
These names should be memorized, because 
it is quite incorrect to speak of a red deer 
calf as a fawn, and so on. 

Of the three deer, red. fallow and roe, the 
red and the fallow are decidedly poly- 
gamous. and they are gregarious in their 
habits. The little roe are given more to 
living in families, say, father, mother and 
the female fawns of the past three years or 
so, and though they often separate in 
autumn, the bucks seeking the misty swamp 
lands and lake margins, the does making 
for the higher woodland, there is every 
indication that the families re-unite when 
food conditions in the woods make life 
easier. The mating season of the roe is 
about August; the roaring or rutting season 
of the red deer generally begins in late 
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September or early October, according to 
ihe weather— early frost precipitates the 
nit. Practically all the true deer the world 
over shed their horns annually.- 
The red deer are certainly most inter- 
esting during the rutting season, when the 
big stags come down to join the hinds. 
Hitherto, they have lived almost the quiet 
lives of cattle, but in a single night all that 
is changed. One evening, the first harsh 
grunting and rumbling of a stag is heard. 
The rutting season has begun, A night or 
two later, the slopes and corries ring with 
the wildest music in nature— the roaring, 
rasping and bellowing of the stags, which 
have become hump-backed and swollen in 
the neck. From that day on. generally till 
the first deep snows, the forests remain in a 
turmoil, filled with the rumbling of hoofs 
as the red-eyed master stags sort out their 
claims, and the barking of the herded hinds 
driven hither and thither by their masters. 
At the commencement of the season they 
soon sort themselves out into herds, each 
master stag with his parcel of hinds appro- 
priating his own terrace, while the less able 
beasts prowl restlessly hither and thither. 


trying to break up the herds and adding 
generally to the dm. 

But the greatest activity is at night time, 
when the deer begin to wander towards the 
lower slopes by their ancient pathways. 
Here and there a stag dashes in: herd joins 
herd, the master stags marshalling and 
trying to keep their wives together, but it 
is hopeless. 

Real fights do not occur until a little 
later in the season, for the king stags take 
care not to face each other, while the 
weaker beasts dare not face them. But for a 
time these masters of the forest get little 
chance of eating, and even less of sleeping. 
They weaken rapidly, until the day comes 
when a watching rival sees his chance, and 
they lock antlers. Then another change 
comes with surprising suddenness. Almost 
in a day, the old monarchs are driven out, 
and the herds of hinds are under ditferent 
masters. After this the old fellows, sick 
and out at elbows with their lot. seek the 
high corries. generally in twos and threes, 
to live as close comrades, all their differ- 
ences forgotten. 

Another curious way in which the little 


CHALLENGE ACCEPTED 

Duel between two red deer during the mating season. Tremendous battles lake place over 
the females who are rounded up in herds by the stags. 11 'hen a younger rival challenges 

a master slag, the battle starts by their locking antlers. 
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roe deer difier from the rest, is that, 
though they mate in August, and the much 
larger red deer mate in October, the calves 
of the one and the fawns ol the other are 
bom about May. In fact, there is no 
development of the foetus of the roc until 
well on into the winter, after which the 
calf matures as with other animals. 

As a rule, the periods of gestation in 
animals are proportionally the same 
according to their size, but there are a few 
more curious exceptions. The sow badger 
seems to have the exceptional gift of post- 
poning parturition if she so desires. For 
example, if she is taken into captivity 
already pregnant she may not part with 
her young for a year or even two years 
after the appropriate time. 

Otters nomtally carry their young about 
nine weeks, but curiously enough their eyes 
do not open, nor do they obtain their full 
hearing, until about six weeks old. instead 
of say. twelve days, as is normal for crea- 
tures of their size. 

The young of the giant grizzly are born 
deep under the snows while their mother is 
hibernating, and on their arrival they are 
in an abnormally undeveloped state, no 
bigger than newly born terrier puppies. 
Each attaches itself to its mother's breast 
and remains attached for several weeks, 
slowly gaining in strength until by the 
time the snow is gone theii eyes are open 
and they are ready to emerge in gentle 
stages. Thus it will be seen that the grizzly 
gives birth to her young at a much earlier 
stage of development than other animals. 


then nourishes them cx'ern.illy iiis'.c.ul ol 
internally. Millions ol >cars have bi\night 
about this order of things by the anim.il’s 
habit of giving birth to its young when dor- 
mant deep under the shelter ot the snow. 

Gregarious Animals 

There are some anim.ds which seem to 
fall between the monog.imous and the 
polygamous. They are greg.irioiis and. on 
the whole, the males arc ever ready to 
defend the females and the young, though 
they do not slick to any individual mate. 
Among these, the father generally recog- 
nizes his own young. It is not uncommon 
to see a stag followed closely as a shadow 
by one of his own stag calves, which ho 
licks and caresses, but he would not for a 
moment tolerate the company of a calf 
not of his own blood. The same applies to 
cattle. 

In most cases, the fur-bearing animals 
mate in the spring, but most of the cloven- 
hoofed animals mate in the autumn. There 
is considerable elasticity in all this. Taking 
the weasels— the stoat generally produces 
only one litter per year; his nearest 
relative, the little weasel, produces litters 
and keeps on producing them except in 
dead of winter, while the much larger otter 
follows the example of the tiny weasel 
instead of the larger stoat. So it becomes 
evident how impossible it is to generalize 
or to try to fix anything in nature on the 
basis of rules. And again, a season of super- 
abundance or of abnormal scarcity may 
upset the whole normal order of things. 


Test Yourself 

1. What are the ways in which simple animals reproduce? Give examples. 

2. Do you find asexual reproduction in the higher forms of life? 

3. What is meant by regeneration? Is this means of reproduction of special 
value to organisms in survival? 

4. What is a hermaphrodite? Give examples of parthenogenesis. 

5. Compare the chances of survival of a young corncrake and a young 
fulmar petrel. 

6. Can you suggest why some birds lay their eggs on the ground or on crude 
nests, whereas others build substantial nests in trees or sheltered places? 

7. Explain the principle of reproduction in the higher animals. 

Answers will be found ai the end of the book. 
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CHAPTER XI 


REPRODUCTION IN PLANTS 


R eproduction among plants. as 
among animals, in its simplest and 
most primitive form may be regarded as 
one of the obvious results of growth. The 
process, however, is not a simple one. 
When a unicellular plant, such as a bac- 
terium, or one of the Blue-green Algae, has 
attained a certain size, its protoplasm 
ceases to grow. The little plant then divides 
into two equal halves which separate from 
each other as two new and independent 
individuals. Nothing is left of the original 
organism, it has simply split up into two 
smaller ones, and each of these in turn, on 
attaining a definite size, will split in half. 

What has happened is that at first nutri- 
tion has enabled growth to proceed and 
has prepared the way for, and then given 
way to, a fresh set of chemical processes 
which bring about the cleavage of the 
organism into two smaller pans. The whole 
process, as most often encountered in 
nature, is more or less intimately con- 
nected with an abundant supply of nutri- 
tion. 

The rapidity with which many of these 
very simple unicellular plants can multiply, 
provided nutrition conditions are suitable, 
is truly amazing, particularly among the 
bacteria, in which a colony often doubles 
its numbers every fifteen or twenty minutes. 
Imagine what that means. In about twelve 
hours, one single individual bacterium 
might well give rise to close upon seventy 
thousand individuals. Fortunately, under 
natural conditions, it is highly improbable 
that anything like this number is ever 
actually reached, for as such a colony be- 
gins to grow the individuals begin to com- 
pete with each other for the available food 
supply. Moreover, in the process of active 
growth and division, certain poisonous 
waste products are given off. These two 
factors act as a check on the rate of multi- 
plication and ultimately may lead to the 
extinction of the colony. But before this 
can happen, a certain proportion of the 


individuals, instead of splitting in half, may 
develop a more resistant cell wall, and be- 
come what are known as resting spores, 
Thus, the species is preserved from com- 
plete extinction, and the individual spore 
survives until a return of suitable nutri- 
tional conditions enables it to resume active 
growth and division. In many bacteria, 
these resting spores are resistant to desic- 
cation and to very high lempeiatures, ren- 
dering complete sterilization of conta- 
minated articles extremely difficult. 

Water Bloom 

In the simple Blue-green Algae, repro- 
duction takes place in the same way, by 
division of the individual. Given suitable 
climatic and nutritional conditions, multi- 
plication may be very rapid and responsible 
for what is known as water bloom, caused 
by the sudden appearance of vast numbers 
in ponds and lakes, covering the entire 
surface with a bluish-green scum. In Nos- 
IOC. a filamentous form, the threads arc 
associated in colonies held togjther by the 
soft gelatinous walls of the individual cells. 
These colonics often form conspicuous 
masses of bluish-green jelly on damp 
ground during wet weather, and the tiny 
individual cells of which each thread is 
composed, when revealed by the aid of a 
microscope, present a rounded bead-like 
appearance. The interior of each cell is 
full of protoplasm, which appears to be 
coloured greenish-blue throughout its 
whole mass and to be destitute of any 
chlorophyll bodies. 

In Nosioc each filament can be seen to be 
interrupted at intervals by larger oval cells 
with thicker walls. At times the filament 
breaks across at these points in the chain, 
so that the short rows of smaller cells be- 
tween them become isolated, escape from 
the gelatinous mass, and give rise to new 
colonies. Another mode of reproduction 
in Nostoc, propagation perhaps would be a 
more correct term, is by means of resting 
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SEXUAL REPRODUCTION OF MOSSES AND FERNS 


spores formed directly from the vegetative 
cells, which in this circumstance grow 
larger than the rest, accumulate abundant 
protoplasm, and surround themselves with 
a thick cell wall. This enables them to pass 
through a resting stage and to endure 
drought. On the return of moist conditions 
in the surrounding soil, they germinate anJ 
form new filaments. 

The next step can be conveniently 
observed in Spirogyra, a green filamentous 
fresh-water alga common in ponds, where 
it floats, often in large masses, near the 
surface. Its filaments are perfectly free, 
having no attachment to any substratum. 


or differentiation into apex and base, all 
the cells composing the filament being 
exactly alike. Though under ordinary 
conditions the plant is multicellular in 
form, sometimes the filament breaks up 
into its separate cells, each capable of 
leading an independent life and starting a 
new filament. Physiologically, Spirogyra 
may be regarded as a unicellular plant, all 
its cells being equivalent, each cell appear- 
ing capable of carrying on all the necessary 
functions for itself. 

In Spirogyra, the division of the cell 
coincides with that of the nucleus, which 
takes place by a complicated process very 
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similar to that seen in the higher plants, 
and which results in the formation of 
two exactly identical daughter-nuclei. 
While the division of the nucleus is in pro- 
gress. a transverse membrane, termed a 
septum, gradually grows inward from the 
sides of the cell wall until a complete 
partition is formed dividing the cell and 
its contents into two equal parts, each con- 
taining one of the newly formed daughter- 
nuclei. 

This mode of cell division and increase 
is common among all the lower plants. The 
breaking up of the Spirogyra filament into 
its component cells may be regarded as an 


HOW PLANTS MULTIPLY 

Our drawing Ulustran”> soiw oj ihe many 
nk'lliods by which plains reproduce ihem- 
\clres\ Cell division is ihe simplesi form. 
Flowering plants reproduce by means of seeds 


asexual means of propagation. 

Normal reproduction in Spirogyra. how- 
ever, is always sexual, and is a form of con- 
jugation consisting in the union of two 
similar cells. It usually takes place bet- 
ween two filaments that arc lying closely 
side by side. The cells of each filament 
develop lateral tubular outgrowths which 
exactly correspond to each other in posi- 
tion, and on coming into contact adhere 
together. The walls separating them arc 
then absorbed, leaving an open tunnel-like 
passage between the opposite cells of the 
two threads, which thus joined look like a 
miniature ladder. 

Cell Contents Contract 

Meanwhile, the contents of each cell in 
one of the filaments have contracted from 
the cell wall so as to form a free, more or 
less rounded mass. The contents of the c:lls 
of the other filament, however, for the time 
being, remain unchanged. The contracted 
cell contents next begin to pass into the 
tubular connecting passage, through which 
they gradually push their way into the 
opposite cell, and there ultimately unite 
with the contents of the latter, which in the 
meantime have contracted from their cell 
walls. 

As a result of this union, there is a fusion 
of the nuclei of the two conjugating cells. 
The united protoplasmic mass takes on a 
rounded or oval form, and surrounds itself 
with a cell wall which ultimately becomes 
thickened and cuticularized on its outer 
surface, and becomes a resting spore, 
capable of withstanding a period of 
drought, or the cold of winter. That a 
certain distinction of sex is present in 
Spirogyra seems evident from the fact that 
ail the cells of each conjugating filament 
usually behave in the same way, either 
giving up their own protoplasm or receiving 
that of the neighbour filament. However, 
that the difference has not yet become a 



fixed one, is shown by ihe fact that some- 
times, particularly in a filament that has 
become isolated, conjugation will take 
place between adjoining cells. 

In such circumstances, two adjoining 
cells will each put forth a short lateral tube, 
close together, on either side of the trans- 
verse wall separating the two cells, and the 
contents of one cell will pass through the 
side tubular passage to unite with those of 
its neighbour. 

In Spirogyra is seen in its simplest form 
what really is the type of all sexual repro- 
duction, which consists essentially in the 
fusion of two distinct cells accompanied by 
the union of their nuclei. Those structural 
differences which we shall find developed 
between male and female cells in the higher 
plants, must be regarded really as of 
secondary importance, as special adapta- 
tions to secure their union by the least 
possible expenditure of material and energy. 
Conjugation, as seen in this relatively 
simple aquatic plant, may in fact be re- 
garded as the primitive form of fertiliza- 
tion. 

We will lake as our next example 
Vaucheria, a member of a group of green 


CONJUGATING FILAMENTS 
OF SPIROGYRA 

Phoiomicrogroph of filanienis of Spirogyra 
showing stages in lateral conjugation. Each 
two uniting cells form a zygospore. 

algae, which differ profoundly from Spiro- 
gyra in their general structure and sexual 
character. Vaucheria occurs commonly in 
fresh water or on damp soil. It consists, in 
the vegetative condition, of a cylindrical 
green filament, repeatedly branched at 
irregular intervals, and is attached to the 
substratum by a colourless root or rhizoid. 
The contents are uniform throughout the 
green part of the plant, for at first though 
more or less branched, no transverse 
dividing walls exist. Thus, the entire fila- 
ment consists of a single cell enclosing a 
continuous protoplasmic body in which 
numerous nuclei and small green chloro- 
plasts are embedded. Only the reproductive 
organs, when formed, bwome divided off 
from the main plant body by transverse 
walls or septa. 

Two Kinds of Cells 

In Vaucheria, reproductive cells of two 
kinds are produced, asexual and sexual; 
asexual reproduction affording a rapid 
means of propagation and taking place 
chiefly when the plant is growing in abun- 
dance of water and under generally favour- 
able conditions. In a plant undergoing 
asexual propagation, the protoplasm accu- 
mulates and becomes denser at the end of 
a branch, which in consequence assumes a 
club-shaped form. The enlarged end next 
becomes separated from the rest of the 
filament by a transverse septum to form 
what is termed a spore-capsule or zoo- 
sporangium, the entire contents of which 
go to form a single large motile spore 
clothed over its whole surface with numer- 
ous short cilia. This zoospore, as it is called, 
contains a number of nuclei and chloro- 
plasts. The numerous cilia are in pairs, each 
pair corresponding with a nucleus; so 
obviously Vaucheria's large active spore 
really corresponds to a multitude of small 
spores which have not become separated 
from each other. 

In most other species of Siphonacae, 
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numerous active spores, usually with two 
cilia each, are formed in the sporangium. 
The escape of the single large motile spore 
of Vaucheria usually takes place in the 
morning, and the spore is sufficiently large 
for its movements to be observed with the 
naked eye. After swimming about in the 
water slowly for a short time — for a quarter 
of an hour or longer— it comes to rest and 
immediately withdraws its cilia, and ger- 
minates at once, sending out a filament 
which attaches itself to the soil by a colour- 
less rhjzoid, and soon begins to branch. 

Development of Sexual Cells 
This asexual mode of propagation may 
continue indefinitely, generation after 
generation, so long as climatic conditions 
and abundant water supply remain favour- 
able. But should conditions change, and 
particularly danger of drought threaten, 
the Vaucheria immediately responds by the 
formation of sexual reproductive bodies. 
These first appear as small protruberances 
which grow out into short lateral branches 
and become separated by transverse walls 
from the rest of the thallus, and ultimately 
develop female cells called oogonia, and 
antheridia or male bodies. The female cell 
in its mature condition fills the knob- 
shaped apex of the branch, which has a 
beak-like projection at one side. A 
small secondary outgrowth below con- 
tains the numerous male cells, and on 
maturing usually curves downward like 
a short blunt horn. Its base is cut off 
from the rest of the thallus by a transverse 
wall so that it becomes a true male recep- 
ticle or antheridium, the equivalent of the 
male organ, or anther, of the higher flower- 
ing plants. 

The more central portion of this antheri- 
dium now breaks up into extremely minute 
cells or spermatozoids, each possessing a 
single nucleus, and externally two cilia 
inserted on one side. These ciliated cells 
begin to swarm within the antheridium 
which now opens at its apex, and expels 
them together with a portion of the un- 
changed protoplasm. In the meantime, 
developmental changes have taken place 
wjtlun the female egg-ceU. A portion of the 
original protoplasmic contents has wan- 
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dered back into the filament, taking with it 
all the nuclei except one. so that the egg- 
cell has become a single nucleate cell, the 
outer wall of which has formed a ^mall 
receptive spot or papilla. The contents of 
the oogonium next rearrange themselves 
so that the portion towards the papilla 
becomes free from chloroplasts. The wall 
of the cell op>ens at this receptive spot, and 
at the same moment a portion of the 
colourless protoplasm is extruded. Fer- 
tilization now takes place. The sperma- 
tozoids collect round the receptive spot of 
the egg cell, into which one spermatozoid 
finally penetrates. 

After the egg cell has been fertilized by 
the fusion of its nucleus with that of the 
spermatozoid, it surrounds itself with a 
cell wall of some thickness, and passes into 
a resting stage. It has become a resting 
spore capable of enduring a period of 
drought with safety. On the return of 
sufficient moisture germination takes place; 
the resting spore giving rise directly to a 
new Vaucheria plant. 

Thus, sexual and asexual reproduction 
may both occur in the same individual 
filament, and on the external conditions 
of the environment depends whether the 
one or the other form of propagation 
takes place. In the sexual form, fertiliza- 
tion in Vaucheria demonstrates precisely 
the same process as occurs in the higher 
plants, the union of the nuclei of two cells 
of opposite sex. As we shall learn, the 
means by which sexual reproduction is 
brought about varies greatly in the different 
divisions of the plant world, and according 
to the natural habit and environment of 
the plant; but the result is the same always, 
that is to say, the union of the nuclei of a 
male and a female cell. 

Destructive Fungus 

As our first example of one of the higher 
fungi, we will take a common and relatively 
simple form which is of economic interest 
on account of the great havoc it can cause 
under favourable conditions to seedlings. 
At the same time it is of scientific interest 
because it shows an undoubted affinity with 
the alga Vaucheria whose methods of re- 
production have been described above. 


REPRODUCTION IN PLANTS 


::4 

This fungus is parasitic in habit, and is 
known as Pyihium. and can be obtained 
almost with certainty by growing cress 
seedlings under a bell glass, and giving 
them an excessive supply of water. In its 
vegetative condition, this fungus consists 
of long, irregularly branched filaments, or 
hyphac. which is the name given to the 
filaments of fungi in general. 

It is usual to speak of the whole vegeta- 
tive thallus of a fungus as the mycelium. 
In Pyihium. the mycelium penetrates the 
tissues of the seedling host and spends most 
of its vegetative life within them. The whole 
of the host plant becomes infected, and is 
traversed throughout by the branches, or 
hyphac, of the parasite. 

Formation of Sporangia 

Those hyphae of Pyihium which are to 
produce the asexual organs of reproduc- 
tion, grow out into the open air where they 
form a number of spherical spore cases 
called sporangia, which are terminal, being 
formed either on the ends of short branches, 
or of the main hyphae. These sporangia are 
beaked at their apex, and, when ripe, the 
whole protoplasm passes out into this beak 
which swells up into a bladder-shaped sac. 
This process can take place only when 
sufficient water is present entirely to cover 
the sporangia. The contents of the spore- 
case then divide up into a number of cells 
which ultimately become motile spores each 
bearing two cilia. On the rupture of the 
spore-case, these motile spores make their 
escape and swim away through the sur- 
rounding water. Eventually they come to 
rest and germinate, thus producing a hypha 
which finds its way into a fresh seedling 
host as soon as an opportunity occurs. 

This mode of reproduction is obviously 
identical with that of an alga, and shows 
that though Pyihium is a fungus, it has not 
become thoroughly adapted (or growth on 
dry land; for its normal method of repro- 
duction can only take place under water. 
It is the presence of an excess of water alone 
which enables Pyihium to spread, and that 
is why seedlings attacked by it are said to 
damp off. A provision against an insuffi- 
ciency of water to float these active spores 
exists, and under such conditions the 


sporangium, instead of forming zoospores, 
grows out into a hypha, thus starting as a 
new plant capable of invading a fresh 
seedling. Moreover, Pyihium can live for a 
time as a saprophyte on any decaying 
matter in moist surroundings. 

Sexual Organs of Pythium 

Sexual reproduction in Pyihium is 
brought about by the formation of male 
and female organs (antheridia and oogonia) 
either within the tissues of the seedling 
host, or on hyphae which have grown out 
into the air. There is, however, no division 
of the contents of the male organ into 
spermatozoids. The bulk of the proto- 
plasmic content passes out through a short 
tubular outgrowth of the male organ that 
has penetrated the wall of the egg-cell, and 
united with the protoplasm of the ovum. 
Spermatozoids are rare among the higher 
fungi, their complete adaptation to a terres- 
trial life having involved the disappearance 
of motile active reproductive cells. 

As a result of fertilization, the ovum of 
Pyihium surrounds itself with a thick cell 
wall and becomes a resting spore, germina- 
tion taking place after a long quiescent 
interval, and then only when it is brought 
into contact with water. The sexual repro- 
duction in this fungus is, in fact, a provi- 
sion to tide over adverse environmental 
conditions, failure of food supply and 
water, when active normal vegetative 
growth and propagation cannot go on. 

Rust and Mildew 

As an example of a higher and more 
complex fungus, we will take Pitcciiiia 
graminis, a typical parasitic form that has 
become adapted exclusively to life at the 
expense of other plants, and which causes 
the well-known diseases called rust and 
mildew in wheat and other cereals. For 
the complete development of its life-cycle, 
however, Puccinia requires two absolutely 
different host plants; the second being the 
common barberry. What is known as the 
rust stage occurs commonly during the 
summer on the leaves of wheat, oats, rye, 
and various wild grasses. Conspicuous 
long, rusty-red or orange streaks are 
formed between the leaf-veins, or on the 
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surface of the stem of the host plant, rep- 
resenting the fructification of the fungui. 

These rusty-coloured streaks are made 
up of a fine powder consisting of spores 
called uredosporcs. The latter name is 
retained as having originally been used 
when they were rog rded as the spores 
belonging to a diflerent species (Utah), 
now known as merely representing a 
particular form of fructification of Pui dnia. 
These uredosporcs when mature are scat- 
tered by the wind, and on coming into 
contact with another wheat plant or other 
grass family host, germinate, the hyphae 
growing along the surface of the leaf of the 
host plant until a stoma is reached, through 
which entrance to the intercellular spaces 
of the host is effected. Thenceforth the 
hyphae develop a new mycelium, from 
w hich fresh crops of spores arise, and thus 
asexually, throughout the summer, rapid 
propagation and spreading is carried on. 

Resting Spores 

Later in the year, however, another kind 
of spore, borne on the same mycelium as 
the uredospores, begins to appear, the 
external sign of what is taking place being 
a change of colour from rusty or orange- 
red to dark brown or black. This is the 
stage in the life-cycle of Puednia when it is 
popularly known as mildew of wheat and 
other cereals. These black spores arc 
known as teleutospores, and are quite 
different in structure from the summer 
spores, being surrounded by an excessively 
thick cell wall. In fact, they are resting 
spores which will not germinate until the 
following spring, and they complete the 
stage in the life-cycle of the fungus so far 
as it is associated with wheat or any other 
member of the grass family. 

With the return of spring, these winter 
spores germinate, but their hyphae never 
develop into a normal mycelium, being 
strictly limited in growth. They form what 
is technically known as a pro-mycelium, 
which divides by transverse walls, cutting 
off usually a row of some four cells from 
its terminal portion. Each of these cells 
then sends out a slender lateral outgrowth 
which swells out at its end to form a small 
spore-like cell or sporidium. Thus the 
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winter spore obsioiisly is iiKMpi'sle ol 
directly reproducing the t>p:e.il lorm ol 
Piicdiiia. These spore-, wlicn ri|->e arc c.ipa- 
blc of direct germin iiio.i, but if not c-sri ied 
by the wind to their proper host pl.int, form 
only a very short hyplia which immedritely 
gives rise to a secondary spore, as to 
gain a further chance of successful dissemi- 
nation. 

These spores are incapable of infecting 
any member of the grass family, being 
entirely dependent for their future existence 
upon a tot illy different host, namely, the 
common barberry, or sonic of its allies. 
Should a spore succeed in reaching the 
leaf ofa barberry bush, liowover, it at once 
germinates and sends out a hypha which is 
capable of penetrating the skin of the le.if 
and, therefore, has no need to make use 
of the stomata to allect an entrance into the 
tissues of its new- host. In this respect, it 
obviously differs from all the other forms 
of spores produced by PincinUi. The 
resulting fructification is totally different, 
what arc known as clustcr-cups or accidia 
being formed on the uader-surface of the 
leaf of the infected barberry. 

Accidiiim Stage 

The presence of the fungus growing 
within the tissues of the barberry is shown 
by the appearance of swollen, discoloured 
patches on its leaves during the spring. As 
the growth of Piicdnio advances, there 
appear on the under-side of the infected 
leaf, on the swollen spot, clusters of simll 
attractive looking golden-yellow cups, 
filled with minute spores. This is what is 
known as ihc accidium stage in the life- 
cycle of Puccinia, having originally been 
described under that name as belonging to 
a distinct genus, just as happened with the 
Ure<h stage. 

The aecidium’ cup is formed by a group 
of hyphae which become densely felted 
together in an intercellular space of the 
barberry leaf. It is from th; base of 
this mass that a row of vertically elongated 
cells arises, the hymenium as it is termed, 
from which the spores are developed. 
These aecidiospores are bright yellow in 
colour and grow at first in parallel chains 
completely filling the liny cup, the chains 
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eventually breaking up into separate 
spores, which within a few hours of their 
dispersal can germinate, should sufficient 
moisture be present. 

They are. however, only capable of 
forming a mycelium, if they have been 
carried away from the barberry by wind or 
driving rain, on to the leaves of some wheat 
plant or other member of the grass family. 
If that is successfully accomplished, then 
the spore germinates, sending out a hypha 
which as it grows bends first one way and 
then another until its tip finds a stoma. 
Then the hypha passes through the open- 
ing of a stoma into the intercellular spaces 
of the wheat or grass host, and develops a 
mycelium from which uredospores are 
soon produced, thus completing the 
remarkable asexual life-cycle of this fungus. 

Reproduction by Spores 

In all the great division of the fungi 
known as the Basidiomycetes, to which 
the true mushroom (Agaricus campeslris) 
and all the various toadstools belong, only 
asexual reproduction by spores is definitely 
known. No evidence of a sexual process at 
any stage in their development has been 
established. The cells from which the spores 
arise are known as basidia, and they are 
produced in enormous numbers. Some idea 
of the immense quantity may be demon- 
strated by carefully cutting off the crown of 
a mushroom and laying it, gills downward, 
on a sheet of white paper. If allowed to 
remain for a time undisturbed, and then 
gently lifted, an exact print of the gills will 
be found on the paper, in the form of a 
fine powdery deposit of basidiospores 
which has fallen from them. 

Alternation of Generations 

In the next great division of plants, the 
Bryophyta, which comprises the liverworts 
{Hepaiicae) and mosses (Miisci), there is a 
marked advance in structure both of the 
plant body and the sexual organs. There 
are always two phases of the plant’s life, 
in each of which it has a different form, 
each characterized by the production of 
different reproductive organs. In one phase 
spores are produced, capable, like those of 
the algae and fungi, of producing a new 


plant; giving rise to what is known as the 
sporophyte, or spore-bearing plant. In the 
other phase, male and female sexual repro- 
ductive cells, are developed, which are not 
capable of this independent germination, 
but must fuse in pairs, their union pro- 
ducing an egg cell which is capable of 
germination. The plant body producing 
these sexual cells is termed the gametophyte. 

Thus, these sexual and asexual methods 
of reproduction occur in regular and con- 
stant succession, in the liverworts and 
mosses, and exhibit’ what is known as an 
alternation of generations. 

Funaria 

We will take as our example of the 
Bryophyta the common moss Funaria 
hygrometrica, which usually grows in close, 
bright green tufts on damp ground, and 
sometimes on old damp walls. If we 
separate out from the colony a single plant, 
we shall find that it consists of a slender 
stem about half an inch in length, densely 
clothed with simple leaves. The upper part 
of the stem terminates in a bud, while at 
the base of the little plant there grow out 
a number of fine root-hairs or rhizoids, 
but no real functioning root, for such an 
organ does not exist in any of the Bryo- 
phyta. Attached to one or more of the 
rhizoids, a small globular body may be 
seen, known as a bulbil, which, on separa- 
tion, grows out to form a much branched 
filament from which new moss plants 
arise; actually an additional simple mode 
of propagation by buds capable of growing 
into individual plants. 

Funaria differs from many other mosses, 
in bearing the two sexes on different plants. 
The individual moss plant is the gameto- 
phyte, and on it the sexual organs are 
developed. The plants on which the male 
organs occur, b««r close rosettes of leaves 
at their apices within which a number of 
antheridia are developed. When mature, 
the antheridia are club-shaped bodies, each 
containing a large number of male gametw 
or sperms, microscopic in size, spiral in 
form, with two cilia at one end. The female 
organs, or archegonia, are borne on plants 
of sm^ler size; each being a flask-shaped 
body with a long neck. Both male and 
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Mossfniil capsules, which arc home oi the end of loiiii. leafless sieiiis. -1 v a capsule nuiture.s, 
ils inner cells divide and form numerous spores, ll'hen ripe, the capsule opens anil the spores 
are distrihuted like a small cloud and are carried f/nvjv on ihe air. 


female plants grow in close proximity to 
one another in the tuft of Funaria, so that 
the whole crowded surface of the colony 
easily becomes enveloped by a continuous 
film of water during damp weather. 

Into this film of water the motile sperms 
are discharged and make their way to the 
archegonia. Fertilization of the single egg 
cell of the latter is effected by a sperm 
making its way down the long neck of the 
flask and fusing with the female cell at its 
base. The egg cell then secretes a cell wall 
around itself, and Is termed a zygote. 

HI 


The body ultimately developed by this 
fertilized egg cell, is the moss capsule or 
fruit, w hich is borne on the end of a long, 
leafless stem as an oval body, the sporo- 
phyte. In due course the capsule of the 
sporophyte becomes filled with spores, 
which when ripe make their exit through 
an aperture at the top of the capsule, and 
on falling to the ground germinate; each 
spore giving rise to a new moss plant. 

In the third great division, the Pterido- 
phyta, which includes the ferns, the horse- 
tails and club-mosses, the same regular 
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alternation of generations occur as in the 
Bryophyta. Instead, however, of the 
gametophyte being the prominent form in 
the life-cycle, it is always a small cellular 
structure, usually of short duration; while 
the sporophyte forms what is commonly 
called the plant, consisting of stems, 
leaves and roots, and often persisting for 
many years. Thus in the common Male 
Fern (AspidiumfiUxmas), the sexual genera- 
tion consists of a small heart-shaped pro- 
thallus bearing antheridia and archegonia. 

As the result of fertilization, the central 
part of the egg cell or archegonium be- 
comes much enlarged to make room for the 
developing embryo, which ultimately grows 
into the familiar fern, firmly rooted in the 
soil, and with a somewhat cone-shaped, 
stout stem from which the fronds or leaves 
arise. Thus, the ordinary fern plant is a 
purely asexual, or spore-bearing plant, the 
sporophyte, producing sporangia on the 
undersurface of its leaves containing the 
spores from which, in due course, will 
develop the heart-shaped prothallus, the 
gametophyte bearing the sexual organs. 

One particular feature that makes its 


UNDER SIDE OF FERN LEAF 
The dark patches are masses of spore- 
bearing organs called sporangia. When ripe 
each sporangium opens and liberates the 
spores, which are carried away by the wind. 

first appearance among certain plants 
belonging to the Pteridophyta, is of special 
interest as a probable evolutionary link 
with the flowering plants or Phanerogams. 
It is the production of two kinds of spores, 
which differ chiefly in size, the very small 
being called microspores, and the much 
larger forms megaspores. Each type gives 
rise to its appropriate gametophyte. and is 
developed in its own type of sporangium 
The microspore produces sperm cells or 
antherozoids, the megaspore the female 
cells or archegonia. Fertilization is effected 
by the entrance of a sperm into the arche- 
gonium and its fusion with the egg cell. 

Selaginella 

This feature may easily be observed in 
Selaginella. a native of South Africa. 
Madeira and the Azores, largely cultivated 
in greenhouses in Britain, and which has a 
creeping, much-branched stem. If a plant 
that is fruiting be examined, it will be 
found that some of the branches, instead of 
creeping along near the ground, grow 
straight upwards and form the terminal 
spikes or cones bearing the reproductive 
organs. Both kinds of sexual ceils are borne 
on the same cone or spike; the male cells or 
microsporangia usually being the more 
numerous, occupying the axils of all the 
upper leaves, while the few larger female 
cells or megasporangia are formed at the 
base of the cone only. While the former 
contain very numerous minute spores 
(microspores), the large megasporangium 
contains only four spores (megaspores). 
In the higher plants, the Phanerogams, 
the pollen grains represent the microspores, 
and the embryo-sacs of the fertilized ovum 
the megaspores of the Pteridophyta. 

Seed-producing Plants 

We must now consider the process of 
reproduction as seen in the highest forms 
of plant-life, the Phanerogamia, or Sper- 
mophyta, which differ from all the other 
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KLOWER AND FRUIT OF WALLFLOWER 

AH thi' Hura! orgatis of the wall/iower oie arranged symmelrically around the pistil, whu h 
is warty cylmlrical in shape, tapering towards the lop and lerniinaiiny in the stiKina. the 
organ which receives the pollen grains: through its tissues the pollen-iahes pass to 
fertilize the ovides. The wallflower has o dry, dehiscent frail called a siliqaa. 


divisions of the plant world in that they 
produce seeds. Moreover, they also differ 
from most of the others in that the majority 
bear more or less conspicuous and beauti- 
ful flowers, highly organized and usually 
followed by the production of fruits. The 
flower, no matter what its size, shape or 
colour may be, is regarded as a shoot whose 
leaves are modified in connexion with the 
production of sexual organs, and in many 
instances further adapted to promote 
cross-pollination through the visits of 
insects, such as bees, butterflies, etc. 

Arrangement of Flower 

A complete symmetrical flower consists 
usually of either four or five whorls of 
alternate leaves, placed immediately one 
within the other. Each set of these modified 


leaves is known by a distincti\e techni- 
cal name and each performs a different 
function. As a familiar flower, and one 
generally to be found in most gardens, wc 
may take the common wallflower; taking 
care, however, not to select a plant bearing 
so-called double or monstrous blooms, In 
the normal flower, the end of the stalk on 
which it grows is called the receptacle; the 
rest of the stalk, termed the pedicel, is 
quite bare. 

The floral leaves growing out from the 
receptacle are not arranged spirally, but 
two or more grow at the same level, form- 
ing as it were a series of rings one within 
the other. Beginning at the outside of the 
flower and working inwards, we first find 
four small narrow leaves growing in two 
pairs placed at right angles to each other 
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Each of these four leaves is called a sepal 
and. collectively, they form the calyx. In- 
side the calyx we find four floral leaves 
forming again a single ring or whorl. These 
are the petals, the most conspicuous part 
of the flower, and form collectively the 
corolla. 

The next whorl is quite different in 
appearance, composed of bodies not at all 
icsembling leaves. Each consists of a 
longish stalk, bearing at the top a little 
boat-shaped yellowish coloured case. These 
are the stamens, or male organs, and in the 
flower we are describing there are six of 
them, four being longer than the other two. 
The stalk of the stamen is termed the fila- 
ment, and the body on top of it is the anther 
which, when ripe, bursts to discharge the 
golden-yellow pollen grains. Finally, the 
middle of the flower is occupied by the 
female organ, the pistil, which in the wall- 
flower is a nearly cylindrical body, tapering 
a little towards the top, and surmounted 
by a forked outgrowth, the stigma. The 
lower, thicker part, which occupies rather 
more than three-quarters of the length of 
the entire pistil, is the ovary in which the 
ovules or seeds develop, while the short 
tapering portion connecting it with the 
forked stigma, is the style. 

Ovary of Wallflower 

The ovary in the wallflower is divided 
lengthways into two compartments by a 
partition wall or septum, which marks the 
boundary between the two carpels, which 
is the name given to the floral leaves of 
which the pistil is composed. Within the 
ovary are the young seeds, or ovules as 
they are termed prior to fertilization, and 
they grow on the walls of the ovary ad- 
joining the septum. The ovules only 
develop into seeds after fertilization, which 
is brought about by the transference of the 
pollen grains to the receptive surface of the 
stigma. The surface cells of the stigma 
secrete a slightly sticky fluid containing 
sugar in solution, which the pollen grains 
absorb. As a result, each develops a 
pollen tube which penetrates between the 
stigmatic cells into the tissues of the style, 
ultimately reaching an ovule which is ready 
for fertilization. Finally, the generative 


nucleus of the pollen grain reaches the 
nucleus of the ovum, and the two nuclei 
then fuse together into one and fertilization 
is effected. 

Complete Flower 

In the wallflower, all four types of floral 
leaves— sepals, petals, stamens and pistil- 
are present and. therefore, the flower is 
termed complete. In many plants, however, 
we shall find that the male organs (sta- 
mens) are borne alone on one flower 
(staminate flower) and the female organs 
(carpels) on another (carpellary flower), or 
the floral leaves may be reduced to sepals, 
as in the wood anemone and larkspur; or 
further modified, or replaced by what is 
termed a spathe enclosing the sexual 
organs, as in the cuckoo pint, where it 
surrounds the flowering axis bearing the 
sessile ovaries and anthers. 

The variations in shape, colour, size and 
position of the components of the flower 
in Angiosperms are most remarkable, their 
modifications being largely the result of 
adaptations for obtaining the benefits to 
be derived from cross-pollination, par- 
ticularly through the visits of insects. The 
simplest method of pollination is the trans- 
ference of the pollen from the anther to the 
stigma of the same flower, termed self- 
pollination. When, however, the stigma 
of a flower receives pollen from the flower 
of another individual plant of the same 
kind, it is then said to be cross-pollinated. 



FLOWER OF BUTTERCUP 
Longitudinal section showing principal parts. 
The fruit is a collection of dry achenes on a 

receptacle. 
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TWO TYPES OF PRIMROSE 

Thrum-eyed form on right ; pin-eyed on left. The two forms are home on separate plants 
and assist cross-pollinalion, which is ej^ected by bees. IVhen a bee visits a thrum-eyed flower 
and pushes its long proboscis down to the bottom to obtain nectar, its head brushes against 
the ripe anthers and becomes dusted with pollen. The same part of the bee's head comes into 

contact with the stigma when it visits a pin-eyed dower. 


Finally, pollen may be transferred from the 
anthers of one flower onto the stigma of 
another flower of the same individual 
plant; a half-way stage between cross- 
pollination and self-pollination. 

Survival of the species depends upon the 
production of seed by the individual plant, 
and that can only occur through the fer- 
tilizing influence exerted by the pollen 
nucleus on the ovule. Hence the many 
devices that have been developed to assure 
successful transference of the pollen grains 
from the anthers to the stigma. 

Although many flowers are self-pollina- 
ted, either spontaneously or by the agency 
of insects, and this may seem the most 
obvious and certain method, careful 
experiment and observation have long ago 
demonstrated conclusively that superior 
results are obtained through cross-pollina- 
tJon. This results in the production of 
larger numbers of seeds, and of seeds 
having better germinating qualities, and 
more readily developing into stronger, more 


virile plants. While cross-pollination must 
rank as of primary importance, circum- 
stances do arise on occasion, which prevent 
its successful accomplishment. 

To guard against such a contingency, 
many plants in addition to possessing con- 
spicuous flowers which are cross-pollinated 
through the visits of insects, provide for 
self-pollination either by final growth or 
movement of the anthers or of the stigma. 
Sometimes they develop small, incon- 
spicuous, often bud-like flowers of quite 
diflTerent form, that may never open, 
cleistogamic flowers as they are called, as 
in the woodsorrel and violet. 

The arrangement for hindering self- 
pollination may roughly be grouped under 
four headings: (1) the stamens and carpels 
do not occur in the same flower; (2) the 
stamens and carpels in one individual 
flower ripen at different times, with the 
result that though the flower possesses both 
organs the anthers and the stigmas are not 
ready for pollination at the same time; 
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in the axils of Iasi war's leaves. 


huonspkuon.'i flowers. Each contains one 
ovule, surroumled hr a .single integument. 


(3) ihc pollen has no fertilizing effect on 
the osules of the same flower, conse- 
quently when the stigma receives pollen 
from the same flower no seeds result: (4) 
the relative arrangement of the parts of the 
flower may be such as to prevent the pollen 
reaching the stigma of the same flower. 

Wind or Insect Pollination 

The benelit of cross-pollination may be 
brought about either by the aid of the wind, 
or through visits from w inged insects; while 
in sub-tropical and tropical countries there 
are some flowers which are pollinated by 
small birds, the tiny jewel-like humming 
birds, which hover in front of tubular 
flowers, being familiar examples. 

As British examples of wind-pollinated 
flowers we may cite the hazel, birch, alder, 
hornbeam, poplar, hop. dog's mercury and 
the grasses. It will be found that all have 
small, inconspicuous flowers destitute of 
honey-nectaries; their anthers are usuallv 


attached to long pendulous tilaments, so 
that the abundant, dry. powder-like pollen 
IS easily shaken out by the wind. Their 
stigmas are well-developed, often feathery 
or thread-like and present a relatively large 
exposed surface to receive any wind-borne 
pollen. 

The yew and all the dift'erent species of 
pine trees are dependent upon the wind for 
the transference of their pollen from the 
male to the female cones. In early spring 
the long, bright green catkins of the hazel 
are very noticeable and at the least touch 
when ripe, shed their pollen. The female 
flowers, however, are not so conspicuous, 
each resembling a fat bud from the lip of 
which a tuft of red. short threads, the 
stigmas, protrude. 

In marked contrast, insect-pollinated 
flowers are usually conspicuous, brightly 
coloured or white, and often scented. 
Moreover, they usually possess special 
glands or nectaries yielding the sweet. 




advantages of INSFCr !>()11IN\M0N 





MALE SALLOW C ATKINS 
Mull- iiiiil feiiKik’ flowa \ firtw on tiiffaeni 
(ret'S- Such plants are called dioecious. 


i EM ALF SALLOW I LOWL 
Hollen is i an led to the tenude by the wind 
Stdlows are noted for their early flowering 


sugar) secretion for which insects visit 
them. In some instances, however, as m 
the poppy for example, in place of the 
sweet secretion an abundance of pollen is 
produced as an attractive food supply for 
visiting bees. The pollen grains, instead of 
being dry and powdery, are usually slightly 
sticky so that they readily adhere to the 
body and limbs of visiting insects. The 
stigma is not feathery or threadlike, but 
as a rule, relatively small, and there is a 
certain definite correspondence between 
the positions of the anthers and stigmas. Of 
course, there are exceptions to these general 
statements, and so we shall find that some 
insect-pollinated flowers are inconspicuous 
and apparently scentless. 

Let us just briefly examine some of the 
advantages obtained by insect cross- 
pollination compared with wind cross- 
pollination. A flower visited by insects has 
the advantage that it is pollinated by 
creatures which move in definite directions. 


that is, from flower to flower. Witli wind- 
pollinated flowers, on the other hand, the 
pollen is blown about in any direction, 
so that for every pollen gram that reaches 
the stigma of another individual plant of 
the same kind, literally millions of other 
pollen grains fall to the ground and are 
wasted. Consequently, the insect-pollina- 
ted flower can afford to produce very mucli 
less pollen. 

Moreover, the various colours and scents 
of flowers serve a double purpose, not only 
attracting insects, but assisting them to 
identify the particular flower they wish to 
visit. On any sunny day you may witness 
how the bees will coniine their visits to 
one particular kind of plant the whole 
morning, flying direct to those plants 
without any hesitation; so here again there 
is no wastage of pollen, 

Flowers of different shapes and tints do 
not receive equal attention from all kinds 
of insects; they have become adapted to 
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FROM BLOSSOM TO FRUIT 
Genera! view of the handsome hell-shaped 
flower, h is pollinated by bees. Datura is a 
shrub the leaves and seeds of which produce 
a poison similar to belladonna. 

receive the visits of those particular insects 
which are best fitted in one way or another 
for the successful transfer of the pollen 
from the anthers to the stigma, 

Thus the flowers of the pea, vetch, clover 
and violet have their honey glands well con- 
cealed so that only insects with relatively 
long tongues can reach the nectaries. They 
depend for their pollination entirely upon 
the visits of bees and, therefore, are often 
called bee-flowers. The foxglove, monks- 
hood and snapdragon are especially adap- 
ted for cross-pollination through the visits 
of humble-bees, who alone can accomplish 
it. 

Trumpet and tubular-shaped flowers, 
such as convolvulus, campions and honey- 
suckle, depend chiefly upon the visits of 
butterflies and moths, whose exceedingly 
long tongues can reach the deeply seated 



BUMBLb-UEh 

Closc-up of bumble-bee on stamens of a 
Datura. The bee is well powdered with pollen. 


DATURA FRUIT 

Close-up of fruit of Datura. It has a 
toughened pericarp covered with fine hairs. 
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neciaries which are not fully accessible 
even to the longest tongued humble-bee. 
Flowers like those of many Umbelliferae. 
the parsley tribe, and the buttercups, in 
which the nectaries are freely exposed or 
scarcely concealed, are visited by shori- 
tongued insects such as beetles, flies and 
wasps. Moreover, in those flowers which 
depend upon the visit of one particular 
type of insect, the anthers and stigma are 
so arranged that only that insect can suc- 
cessfully effect cross-pollination. Unwel- 
come insects are either deterred, or actually 
prevented in various ways from reaching 
the honey provided as recompense for the 
rightful visitor. 

The result of fertilization is that the ovule 
grows and becomes a seed; the vital change 
m the ovule being that a part of it becomes 
a minute plant, the embryo, which now 
develops within the embryo sac. which be- 
comes stored with a nutrient called the 
endosperm that surrounds the embryo. 
This endosperm may be present still in the 
seed, or may be absorbed gradually by the 
growing embryo, so that in the ripe seed 


no trace of it remains In the lirsi. we have 
what is called an endospermic seed, such 
as is seen in the grasses and violet, while 
where no trace remains the seed is said to 
be non-endospermic, as for example, in the 
bean and wallflower, 

The consequences of fertilization are by 
no means confined alone to the ovules, for 
the carpels, and frequently others parts of 
the flower, are stimulated into further 
vigorous growth, while the petals and 
sepals wither and fall off more rapidly than 
would have happened had fertilization not 
taken place. One part of the flower, how- 
ever, invariably persists, and that is the 
ovary, which remains to form a protective 
case, the pericarp, around the ripening seeds. 
The corolla and stamens wither, and conse- 
quently take no part in the formation of the 
fruit, whereas the calyx frequently persists. 

As an example of a familiar plant pos- 
sessing one of the simplest fruits, let us take 
the pea. Its ovary, composed of one carpel, 
enlarges after fertilization and becomes the 
familiar pea-pod, constituting the fruit, in- 
side which are the seeds. In the vvallflovver. 



FRUIT IN SECTION 

Longitudinal section of Datura fruit showing 
arrangement of the seeds within. 


OVARIES OF DATURA 
Transverse section through base of Datura 
blossom, exposing ripening seeds. 
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which we look as an example of a compleic 
flower, the ovary differs, being composed of 
two carpels, but as in the pea, it is the single 
ovary alone which, by its growth, gives rise 
to a single fruit. Both these flowers, there- 
fore, have what are termed simple fruits. 
Where a flower has a number of ovaries, 
the buttercup or the lesser celandine, for 
example, each ovary enlarges and even- 
tually encloses one seed. 

Such a flower thus possesses a number of 
seed-containing vessels, each similar to the 
pea-pod in so far as it consists of a single, 
ripened carpel, but collectively forming 
what is termed a compound fruit. A dan- 
delion head, on the other hand, cannot be 
classed as a compound fruit, for it is 
formed as a result of the fertilization of a 
number of flowers, the sexual individuals 
composing the disk of the flower-head, and 
therefore constitutes a collection of fruits, 
an infructescence as it is termed. In the pea, 
wallflower and buttercup we have examples 
of what are termed dry fruits, while the 
apple, cherry, plum, currant and straw- 
berry possess what are termed fleshy or 
succulent fruits. 

Fertilization of Gymnosperms 

We must now briefly consider the pro- 
cess of fertilization in the Gymnosperms, 
taking for our type the familiar Scotch pine. 
We have seen that in the flower of an 
Angiosperm the ovule is enclosed in an 
ovary or seed-case, and that in consequence 
fertilization has to be effected by the pas- 
sage of the pollen tube down through the 
tissues of the stigma. In the Gymnosperms, 
however, the process is relatively much 
simpler, the pollen grain or male cell being 
brought directly into contact with the ovule 
or female cell. In the Coniferae, the family 
to which the Scotch pine belongs, all are 
wind pollinated and produce large quan- 
tities of dry pollen. 

The Scotch pine has two kinds of flowers; 
one possessing stamens, the other bearing 
carpels. Both are to be found growing on 
branches of the same tree and take the form 
of cones, the male cones being smaller and 
borne near the apices of the flowering 
shoots. The stamen-bearing flowers consist 
of yellowish tinted cones clustered together. 


Each cone is a single flower borne on a 
short stalk. The simple axis of the cone has 
a basal portion which bears what are called 
bract scales. Above these are inserted 
lateral scales, each of which has two pollen 
sacs attached to its lower face. These latter 
scales are, therefore, the stamens of the 
flower, which thus consists actually of a 
simple axis— the receptacle— with spirally 
arranged stamens. 

Carpet-Bearing Flowers 

The carpel-bearing flowers are also cone- 
shaped, but more complex in structure, and 
at first appear as erect reddish buds. Each 
cone at its base bears a few simple bracts, 
above which are scale-like members of 
somewhat complicated form, each consist- 
ing of a small scale from the upper surface 
of which a larger scale protrudes, while 
again attached to the upper surface of each 
larger scale are two ovules. 

These peculiar double scales are carpels, 
for they bear ovules, and they are arranged 
spirally on a simple axis or receptacle. 
When ready for pollination in May, the 
carpellary cone stands erect and its axis 
elongates, thus causing the carpels to 
separate to a slight extent. The wind-borne 
pollen grains are blown against the female 
cones, and in this way some of them reach 
the crevices between the carpels. They then 
roll down the prominent rib of the placental 
scales, and thus meet the integuments (or 
outer coats) of the ovules. The integuments 
then curl up slightly and carry the pollen 
towards the micropyle (tiny opening at the 
end of ovule). 

Pollination of Pine 

Thus, in the pine, the pollen grain itself 
reaches the micropyle of the ovule, whereas 
in Angiosperms it is only conveyed as far 
as the stigma, down which its developing 
pollen tube has to penetrate before reaching 
the ovule. After pollination has thus taken 
place, the carpels again close together, and 
the placental scales become hard, green and 
woody. Each cone gradually bends over 
until it finally points downwards, and its 
closely set scales become brown in colour. 
As a result of fertilization, the ovule de- 
velops into a hard seed containing an 
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UlhhERENT KINDS Oh FRUITS 

Fnats o/Merin? plants are dhUkd broadly into two main groups, those in which ih> 
pericarp is dry or hard, like a pea pod or a hazel nut. and those which have a soft or succideiu 
pericarp, like a plum or an orange Dry fruits can be dehiscent or indehiscenr. The grape is a 

berry, one of the simplest types of succulent fruits 
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l-LOSVERS OF LARCH 

Plants which lihc the larch hear male and female flowers on the same plant are said to be 
monoecious. The two types of flowers often form at different dotes. 


embryo which possesses a whorl of cotyle- 
dons (seed-leaves). Attached to the seed is 
a separate wing which is not really a pari 
of the seed, because it is formed by a layer 
of the scale. 

The escape of the seed from the cone 
does not take place until more than a year 
after pollination. A few may escape in the 
autumn of the year following fertilization, 
but the majority remain in the cone for 
about two years, when the woody carpels 
gape wide apart as they dry. The wings are 
an adaptation of structure, serving as para- 
chutes by the aid of which the seeds are 
scattered by the wind, causing them to spin 
and so prolong their journey before reach- 
ing the soil. Finally, the cones fall from the 
trees and are rolled along the ground by the 
wind, scattering afield any seeds which they 
may still harbour. 

Parts and Their Functions 

We may briefly summarize the functions 
of the parts of flowers, fruits and seeds in 
the Phanerogamia as follows; — 

(1) The calyx usually protects the young 
developing flower; it may be green, or 
coloured; may possess honey nectaries; 


may aid in the dispersal of the seeds by the 
wind, as in the dandelion. 

(2) The corolla serves by its shape, colour 
and nectaries to attract those insects which 
will effect cross-pollination. 

(3) The androecium, or collection of 
stamens in a simple flower, produces the 
pollen indispensable for fertilization and 
the production of seed. 

(4) The gynaccium, the collection of 
carpels within a single flower, produces the 
ovules. Of its various parts, the ovary pro- 
tects the ovule; the stigma receives the 
pollen grains; the style raises the stigma to 
the proper height and position to bring 
about cross- or self-pollination. 

(5) The pericarp protects the seeds and 
often helps in their dispersal. It may be 
bright in colour and fleshy to attract 
animals. 

(6) The testa or seed-coat serves to pro- 
tect the embryo and food-substance of the 
seed. Consequently, it is thin and delicate 
when the seeds are adequately protected by 
the pericarp, but well developed where no 

stout pericarp exists. 

(7) The various outgrowths, wings, hairs 
and hooks, seen on seeds and fruits are 
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Structural adaptations to facilitate the dis- 
persal of seeds. Sometimes hooks or spines 
may also help to protect the fruits against 
animals which otherwise might eat them 
and destroy the seed. 

The average individual is apt to look 
upon a handful of dry seeds as so many bits 
of inert matter; of no particular interest 
save, perhaps, to be planted, more or less 
hopefully that some result will ultimately 
show above ground. Well, seeds are very 
much living things; they are the children of 
the plants, stored at this stage of their 
e.xistence with latent energy and dormant 
life, only awaiting suitable conditions for 
their awakening. Let us, therefore, examine 
a plant-seed a little more closely, perhaps, 
than we have ever done before. A broad 
bean seed is convenient for the purpose 
because it is easily obtained and, being a 
large seed, more convenient for naked- 
eyed scrutiny. 

We shall see that it has a tough outer 


seed coat, which is called the testa, and that 
the most noticeable external feature is the 
long dark patch, the scar as it is termed, 
now representing all that is left of the 
tissues by which the seed was held in place, 
and received its nourishment, during de- 
velopment in the bean-pod. If we look care- 
fully, wc may be able to detect a very small 
opening or pore, the micropyle as it is 
termed, at one end of the scar. The whole 
space within the seed coat is occupied by 
the dormant embryo, consisting of a small 
rod-like body or main axis, with two large 
fleshy leaves, called the cotyledons, which 
are attached, one on each side, at a point 
near the centre of the embryonic stem, 
called the hypocotyl. The tissues of these 
cotyledons are richly stored with food 
supplies (starch, etc.) necessary for carry ing 
on the first stages of growth during ger- 
mination. 

On carefully drawing the large cotyledons 
apart, we can see the little rod-like embrvo 
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body composed of three parts: the primary 
main stem tciminaling at its upper end in 
a minuic bud known as the plumule, and 
at its lower end in the primary, pointed 
root, called the radicle; and the central 
part of the stem, the hypocotyi, connecting 
root and stem, to which the cotyledons are 
attached. 

Wc may also be able to see that the tip of 
the young root lies close within the minute 
pore or micropyle of the seed coat. Plants 
having two cotyledons are called dicotyle- 
dons; those possessing one are known as 
monocotyledons, while the embryos of 
Gymnosperms, flowering plants with naked 
seeds, have many, and arc described as 
polycotyledonous. 

Conditions for Germination 

Only when climatic conditions remain 
suitable; iliat is to say, when the tempera- 
ture is sufficiently high and constant, and 
humid weather provides sufficient but not 
excessive moisture in the soil, does the pro- 
cess of germination, the further develop- 
ment of the tiny embryo into the seedling 
plant, begin. The layer of cells forming the 
outer wall of the seed coat are mucila- 
ginous, and taking up water readily and in 
considerable quantity, swell into a slimy, 
sticky coating, thereby helping the seed to 
retain more firmly its position in the soil. 
Part of the fluid thus absorbed is passed on 
to the embryo within, reawakening it from 
its long winter rest to renewed energy. Its 
mid-stem, or hypocotyi, and radicle rapidly 
begin to elongate so that the tip of the 
latter is soon forced out through the pore in 
the seed coat. 

From the very beginning of germination, 
the two developing ends of the central axis 
of the embryo start upon a settled course 
from which nothing will divert them— the 
ascent into daylight and air on the part of 
the stem, the descent into the soil, away 
from the light, by the radicle. In no matter 
what position the germinating seed may lie, 
on or in the soil, as soon as the radicle has 
pushed itself free from the seed coat it will 
curve so that its tip is directed straight 
downwards and at once penetrates the soil. 
At the same time, the hypocotyi is making 
equally rapid growth in the opposite direc- 


tion and making any necessary curvature 
lo bring the apex of the stem to point 
skywards. 

The cotyledons for a time remain more or 
less imprisoned in the seed coat, and are 
usually lifted by the upward growth of the 
stem above ground. There they expand 
and, becoming green, pass from being 
storage receptacles to function ‘as assimilat- 
ing leaves, capable of forming new organic 
substance on their own account. In some 
plants, however, as in the broad bean seed 
we have been examining, the cotyledons 
are not carried well above ground, but 
simply continue to function as receptacles 
until exhausted of their food reserves. Once 
well above ground, the apex of the stem 
begins further development and puls forth 
leaves capable of carrying on assimilation 
and respiration; while the young root, 
having penetrated the earth, immediately 
begins to develop root hairs which serve lo 
draw in mineral salt solution from the soil, 
and root branches which ramify among the 
soil particles making a firm anchorage 
during the subsequent growth of the plant. 
Germination has thus successfully been 
accomplished, and the embryo has deve- 
loped into the youthful plant. 

Classification of Fruits 

The word fruit usually calls up a mental 
picture of an apple, pear, plum or cherry, 
but as we have learned, the botanist applies 
this word as a general term to that part of 
the flower which persists after fertilization 
until the seeds are ripe and, consequently, 
to an object varying greatly in shape and 
size, which is often quite different in appear- 
ance from the layman’s concept of a fruit. 
To meet this difficulty, the botanist has 
classified the various kinds of fruits accord- 
ing to certain well-marked characteristics, 
first dividing them into two disunctive 
groups: (1) dry fruits, in which the pericarp 
is thin, dry, hard or brittle; and (2) fleshy 
or succulent fruits, in which the pericarp 
is more or less soft and often brightly 
coloured. Familiar examples of the former 
type are the long pods called legumes of the 
pea, beans and clovers; the somewhat pod- 
shaped fruit called a siliqua, typical of 
many cruciferous plants, as seen in the 


wallflower and shcphcrdVpursc; ihe barrel- 
shaped seed pod called iho capsule, of ihe 
popp>; and ihe hard, sione-like pericarp 
called a nui. of (he hazel and walnut. 

Succulent Fruits 

Turning to the second group composed 
of succulent fruits, the soft, beautifully 
coloured fruit of the plum, apricot and 
cherry is termed a drupe. The characteristic 
of this type is that the innermost layer 
of the pericarp enclosing the single seed i> 
stonelike, the middle layer more or less soft 
and juicy, and the outer layer a very deli- 
cate and tinted thin skin. In the apple and 
pear the fruit is termed a pome. The seeds 
are contained in li\e horny ripened carpels, 
while the receptacle grows \igorously and 
remains tlcshy. In fact, the pome is peculiar 
and IS regarded as a very special type of 
fruit. 

Another special type of fruit is found m 
the blackberry and types related to it, such 
as the raspberry and loganberry. In these 
plants a number of drupes grow together 
on a common receptacle and form what 
is called a compound fruit. In the grape, 
gooseberry and currant, the pericarp is soft 
throughout, and the fruit is termed a 
berry. 

All these various forms of fruits repre- 
sent different devices for obtaining the best 
possible means of dispersal of the seed. 
Unless this can be successfully accom- 
plished so that the seeds may reach favour- 
able situations at an appreciable distance 
from the parent plant, they are likely never 
to reach maturity, owing to overcrowding 
with its resultant lack of light and air and 
space in which to develop, and the exhaus- 
tion of the necessary chemical constituents 
in the soil. Wide dispersal is imperative if 
the species is to survive. 

The production of large quantities of 
seed is not all-sufTicient unless accompanied 
by effective means of distribution, and 
where it exists it generally points to a scry 
high death rate at some stage in the life- 
history of the seedling plant. Therefore, 
we find that the means for effective dis- 
persal is not confined alone to the form and 
character of the fruit. The seeds themselves 
are often still further provided individually 


THREE METHODS OF SEED DISPERSM. 
H iU carrot {top picture), capiule splits open 
and scalteis seed ; common aicns (cenire), 
hooked seeds attach themselves to pa\sin;^ 
animals: wild clematis ihotiom), seed has a 
feathery attachment for wind dispersal. 
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DANDELION BUD AND FRUIT 
The claiuleTion has a type of inflorescence 
known as a copitnliim, consisting of a collec- 
tion of small florets within a cup-like 
arrangement of bracts. The seed develops a 
long thin stem topped by a tuft of white silky 
hairs, like a dainty parachute, on which it 
travels through the air. 

with adaptations of outward structure or 
shape to this end. We have already seen in 
the Scotch pine an example of such com- 
bined structure for effective dispersal, the 
light seeds possessing a wing-like structure 
which acts as a parachute, while the fruit 
on account of its cone-like shape is easily 
rolled about when it falls to the ground, so 
that the remaining seeds within its scales 
will be further scattered. 

Dispersal of Seeds 

In the thistles, dandelion, rose-bay 
willow-herb and cotton grass, with their 
delicate feather-like parachutes, and in the 
familiar keys of the lime and the sycamore, 
we have beautiful examples of the develop- 
ment of effective means of dispersal by the 
wind. In some species of Geranium, of 
which the Herb Robert is a familiar ex- 
ample, the fruits are explosive capsules, and 
when ripe the carpels open and the seeds 
are violently slung out. In the wild violet, 
the capsule opens into three boat-shaped 
valves, each containing a double row of 
highly polished seeds. 

The sides of the valves contract as they 
dry, and in doing so the seeds are shot out 
to an appreciable distance. As the 
seeds are small, light, smooth and easily 
rolled along, they are carried still farther 
away from the parent plant by gusts of 
wind. Eventually they fall into cracks and 
crannies in the soil which become filled up 
with earth washed in by the rain, so that 
after their winter dormant rest the seeds 
are in a favourable position to germinate 
on the return of warmth and sunshine the 
following spring. 

Many fruits possess hooks and rough or 
sticky surfaces by which they are able to 
adhere to the coats of passing animals, or 
the clothing of F>eople that in passing may 



brush against them, and thus are provided 
with the means for a wider distribution. 
The fruits of the common agrimony, the 
wood avens or herb bennet, and the cleavers 
and the burrs of the burdock, are all 
familiar examples to be met with during an 
autumn country ramble. 

Lastly, we have the succulent fruits whose 
conspicuous and fleshy coats are intended 
to attract and invite animals to eat them, 
where the seeds are protected either by an 
indigestible stone or a hard skin (testa), and 
so pass through the digestive tract of the 
animal uninjured. 

Many flowering plants are able to in- 
crease in number without the intervention 
of seed production, and to multiply by a 
vegetative process in which portions of the 
plant become separated from the parent- 
plant by the decay of parts connecting 
them to the latter. These disconnected 
young outgrowths produce roots of their 
own and so establish themselves as distinct 
individuals. For example, the long inter- 
nodes of the strawberry-runners may decay. 




aiKl the tufted nIukhs at cacli node lorm 
roots, and become separate pLints We can 
sec the same thing take pLtcc m the lubcfN 
of a potato, each becoming detachcil from 
the parent stem and in due course produc* 
ing a new plant. 

Again, the hon/ontal lateral roots of 


the bLicklvi i> , lo^c. tta/cl and poplar gi\e 
oil erect adscntiiious s|u>ois. (he so-called 
Nuckers, ai>d (hese under favourable con- 
ditions will form roots and Iveoine separale 
mdiNiduals The “eiitlinus ' taken bs ear- 
deners also illustrate this \egc(aiiNC 
method of multiplication in flowering plains. 


Test Yourself 

1. Which is the simplest way in which plants multiply'’ 

2. How does reproduction in spirogyra differ from it? 

3. What is the difference that distinguishes asexual from true sexual 
reproduction? 

4. What is meant by an alternation of generations? 

5. In what manner, apart from their general appearance, do mosses and 
ferns diner from flowering plants? 

6. Why do some flower-bearing plants possess uncoloured, inconspicuous 
Mowers, while others have conspicuous and brightly coloured llowers* 

/. What IS the chief reason for the many different shapes of fruits',’ 

Answers will be found at the end of the book. ‘ 
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Au-slrian tihhol who expeiiincnieJ in artificial breeding of plants and animals. He discovered 
two important laws governing heredity transmission, now known as Mendel's Laws. 
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T he classification of lining things (Chap- 
ters il and 111) is, of course, made 
possible only by the fact that the individuals 
of one generation constantly produce a 
succeeding generation of individuals iden- 
tical with their parents in respect of a large 
number and wide variety of characters— 
details of structure, function, behaviour. 
Like begets like. The generic and specific 
characters are faithfully transmitted from 
one generation to the ne\t. 

Within the species there are the varieties, 
and the varietal characters, far fewer in 
number than the specific, are also true- 
breeding; in respect of them offspring 
closely or exactly resemble their parenb. 
In the case of the domesticated animals and 
cultivated plants within the varieties there 
are strains, and again these, their distin- 
guishing characters fewer in number than 
the varietal, are reproduced more or less 
exactly generation after generation. 

The offspring of elephants are little 
elephants and none other. The Irish terrier 
and the Pekingese are both dogs but belong 
to different breeds or varieties. The stamp 
of the sire or of the dam is imprinted on its 
particular offspring. The fertilized egg of a 
fowl cannot by any means be persuaded to 
produce a duckling. There are thus charac- 
ters which the individual displays and 
which it comes to possess in virtue of its 
organic relationship to its parents. 

But though two individuals belong to the 
same genus, species and variety, and though 
they are the progeny of the same parents, 
nevertheless they are not exactly alike. 
Each is the only one of its identical kind. 
Undoubtedly much of this variation must 
be ascribed to differences in experience. 
Human beings can and do differ markedly 
among themselves in respect of language, 
creed, preference. Differences in occupation 
can yield differences in posture, gait, habib; 
the calloused hands of the labourer are to 
be distinguished from those of the clerk. 
Differences in respect of illnesses, malnutri- 


tion, faulty education, can produce marked 
differences in stature and intellectual 
quality. 

There is a social inheritance v\hich the 
individual receives from previous gmer- 
ations and which he acquires in his own 
lifetime. There are modifications, characters 
which owe little or nothing to the organic 
relationship between the generations but 
which are the results of the reactions, the 
response^, of the living individual to the 
impress of forces in his external world. 
Nurture, as we call the sum of these ex- 
ternal influences, undoubtedly largely 
moulds the characterization of the in- 
dividual. 

But nurture doe.v not affect every 
potential character of the individual 
equally. If he belongs to a tall variety or 
stock, that is to say. if he is endowed in 
virtue of his organic relationship with an 
ancestry with the capacity to become tall, 
he may not realize such a potentiality if he 
is starved or suffers constantly from illness 
in infancy and childhood; but if he is 
potentially a blue-eyed individual, then 
whatever his experience he will still be 
blue-eyed. Fingerprint pattern, bloodgroup 
and a score of other characters are the 
imprints of nature and not of nurture at all. 
They are entirely predetermined by the fact 
that this particular individual is the off- 
spring of those two particular parents. 

There arc thus two kinds of characters: 

{ 1 ) Modifications, which are the end results 
of the interplay between the individual and 
the forces of his external world, the 
responses of the individual to the environ- 
ment (see Chapter VI); and (2) inborn, in- 
nate. hereditary or genetic characters, 
which are the direct expression of those 
forces (and of the material bases of these) 
with which the individual is endowed in 
his beginning as the direct consequence of 
the fact that he is the progeny of his 
parents. 

It remains to consider the nature of these 
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genetic characters, their origin and the 
manner in which they are transmitted by 
parents to offspring from one generation 
to another. 

The Gene 

The beginning of the individual is two 
germ-cells, egg and spermatozoon, which 
unite to form one, the fertilized egg. (In 
some cases, the spermatozoon is not neces- 
sary. but these are exceptional.) If the 
material bases for the building of every 
part of the organism — for expressing every 
potential character— are to be found in 
these germ-cells, these two that unite, the 
male cell and the female, must be essentially 
equivalent to one another in theirhereditary 
influence. Experiment has shown conclu- 
sively that they are. In each is to be found 
practically all the controlling material, the 
genetic material, which predetermines much 
of what the individual shall be. 

It is present in the form of a number of 
rod-like bodies, the chromosomes, in the 
ceil nucleus. In man there are twenty-four 
of these chromosomes in the nucleus of the 
egg and of the sperm. Each chromosome, 
different in size from all the others, con- 
sists of an extremely slender long filament 
coiled into a tight helical spiral, so tightly 
packed as to appear solid. But greater 
magnification shows that the chromosome 
is not a uniform mass, but is composed of 
hundreds of thousands of separable genetic 
elements, which we call genes, each of 
which, notwithstanding its extreme tininess, 
not only has a fixed place in the length of 
the chromosome but also has an individual 
make-up and purpose markedly different 
from those of any other gene. It can be 
shown that each gene has its own special- 
ized role to play in determining the nature 
of the developmental processes which re- 
sult in the apptearance of a particular 
individual. 

The genetic material consists of nucleo- 
protein, a compound of protein and nucleic 
acid. Proteins are among the most compli- 
cated substances known and are remarkable 
for their versatility. The number of types of 
protein, each with its distinctive chemical 
properties, is virtually unlimited, and some 
of them have enzymatic qualities, an 


enzyme being a substance which is able to 
bring about a specific chemical reaction 
between certain other substances without 
itself getting used up in the process. Nucleic 
acid belongs to that group of substances 
which are the most essential agents in all 
those transfers of energy in living systems 
in which any kind of physical work is 
performed. 

The fertilized egg, the new individual and 
the new generation in its beginning, has in 
the sexually reproducing forms two sets of 
twenty-four chromosomes, one set having 
been received from each parent. The human 
fertilized egg, therefore, has forty-eight 
chromosomes, and these are arranged in 
pairs, the members of a given pair carrying 
the same genes arranged in the same order. 
This fertilized egg proceeds to divide into 
two. During this process of cell-division 
(called mitosis), all the genes undergo a 
doubling: each gene, that is, of all the 
hundreds in every chromosome, produces 
a new gene in its own image and built out 
of the materials in the medium around 
itself. As the result of this gene doubling a 
new string of genes, a complete new 
chromosome, is created. It is as though each 
of the forty-eight chromosomes had split 
along its length. 

As cell-division proceeds, the cell nucleus 
breaks up and reforms as two nuclei. In 
achieving this the two “halves” of each 
chromosome pull themselves apart, one set 
going to each of the new nuclei being 
formed. The parent cell is re-created in 
the birth of its two daughter cells. 

In this way each daughter cell comes to 
possess the same number of chromosomes 
(forty-eight) as did the original cell and, 
moreover, each daughter cell has the very 
same number and kind of genes as did the 
cell from which it arose. 

And this is only the beginning of the 
story, for the process of cell-division con- 
tinues until the whole of the living body 
has been built. Every cell of the developed 
individual will, disregarding the inevitable 
occasional accident, come to contain every 
chromosome and every gene that was 
present in the original fertilized egg. 

As development proceeds the individual, 
to begin with a single fertilized egg and 
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FIG. I. CELL DIVISION OR MITOSIS 

1. The typical cell with its cell walls enclosing cytoplasm (living stuff). The nucleus with its 
wall encloses the genetic material, the chromosomes. The centro.some lies outside the nucleus 

and acts as the centre of dynamic activity during cell division. 

2. (The nucleus only.) The centrosome has divided into two. The genes have already 
duplicated themselves so that the chromosomes appear to have split along their lengths and 

are shortening and thickening. 

3. The two daughter centrosomes have moved apart. The chronmomes (/u'o only are 
represented) are a pair of homologous chromosomes, one, the solid one, having been derived 
from the father, the other, the outlined one, from the mother. The nuclear wall is dissolving. 

4. The chromosomes have moved to occupy positions on the equator of the cell. Lines from 

the centrosomes are attached to them. 

5. Each original chromosome and its duplicate are pulled apart and begin to become 
incorporated in the nucleus of a daughter cell. The cell itself is becoming pinched and is 

about to divide. 

6. Two daughter cells result, each with the same number of chromosomes and the same 

number and kind of genes as the original cell contained. 


then as the result of cell-division a mass of 
cells like a blackberry, begins to become 
dififerentiated. Different groups of cells 
become set apart for the later discharging 
of special functions; the head, the limbs, 
the internal organs and all the rest begin 
to take shape. The position of the cell 
groups in the embryo seems to determine 


which potentialities in the genes come into 
play; the regionalization leads to the 
specialized developments, of which the end 
results are particular aspects of flesh and 
blood, bone and hair, hand and feet, brain 
and ear, etc. Thus although every part and 
every cell has the same gene material, it 
depends on the media and circumstances 
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as to uhich become acme in "growth"— 
as to which potentialities are being trans- 
lated into living material. Hence skin, 
muscle, bone. eye. foot, brain, etc., are 
produced only where they arc needed. The 
genes that predetermine eye colour, for 
example, will become active only In the 
eve cells, never in the cells of the foot, 
although they exist there as in every cell. 

In earlier days it was taught that lying 
behind a particular inherited character- 
blue eye colour, for example -and related 
to it casually was a particular gene — the 
gene for blue eye colour. But now it is 
known that this is not so. No finished 
character is produced by one single gene, 
but results from the interaction and com- 
bined action of many genes, and a change 
in any one of these may result in a change 
in the quantity or quality of the end result. 
In any given case certain of these co- 
operating genes are more important than 
the others, and some may be essential whilst 
others are merely or mainly quantitative in 
their effects. Furthermore, it is now known 
that many individual genes affect more than 
one character in its development. The gene 
for blue eye colour affects many more 
characters than this, but since this is its 
chief or most obvious effect it gives its name 
to the gene. 

It is also to be noted that the effect 
apparently due to a particular gene or 
genes can be produced only when the 
environment is propitious. Genes do not 
function in a vacuum, and the individual 
is not to be considered apart from his 
external world. The changes in the effects 
of genes caused by environmental differ- 
ences are usually of a kind likely to help the 
individual to adapt himself to the environ- 
ment. Genes have been retained in the 
previous process of natural selection which 
seem capable of permitting or effecting use- 
ful modifications in the growing creature 
when the environment would otherwise be 
unfavourable to its welfare. 

The Nature of the Genic Action 
There is. as yet, no exact knowledge of the 
nature of the ways in which the gene exerts 
its influence upon the processes of develop- 
ment. But as most of the active materials of 


the cell itself and also the genes themselves 
are known to consist wholly or largely of 
proteins, and since all enzymes arc partly 
at least proteins, and since every chemical 
change occurring in the cell appears to 
take place only when some specific enzyme 
is present, it seems highly probable that the 
primary products of the genes arc enzymes 
and that each of these different enzymes 
has its own special part to play in growth. 
Indeed, the growth of the whole organism 
is to be regarded as the complicated out- 
come of the process of gene duplication, 
and if wc could but understand the latter 
wc should come to understand the former. 
We know that the duplication of a gene, 
including the duplication of its own varia- 
tions. would seem to be due to the ability 
of each element of the gene to attract to 
itself materials like unto itself and present 
but uncombined in the surroundingmedium. 

Mutation 

A gene can undergo a change in its own 
internal organization. Such a change is 
known as mutation. The resultant gene, a 
mutant gene, affects the same develop- 
mental processes as did the gene from 
which it arose, but in a different way, so 
that a change in the character of the grow- 
ing thing results. These changes may be for 
the belter or for the worse. If. for example, 
the gene which “accounts for” the normal 
ability of blood to clot when exposed to the 
air mutates, the gene for hxmophilia may 
lesult. 

Such mutation ordinarily affects but one 
gene at a time, and even though there are 
two such genes (maternally and paternally 
derived) in the cell only one of these two 
undergoes alteration. Which gene in the 
whole genotype it is that will mutate cannot 
be predicted. The event that produces the 
mutation is therefore a minutely localized 
one. 

The cause of mutation is believed to be 
an accidental individual molecular or sub- 
molecular collision occurring in the course 
of thermal agitation. We know that when 
temperature rises the speed of molecular 
movements increases and with it the num- 
ber of collisions and mutations. It was dis- 
covered too that, just as X-rays and some 
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other lorms of radiation can be used to 
increase the frequency of molecular colli- 
sions, so does their use on living things 
increase the frequency of mutations. Indeed, 
the number of mutations occurring in ex- 
periments with X-rays is roughly propor- 
tional to the number of physical hits or 
collisions known to be caused by the radia- 
tion, Hence the inference that molecular 
collisions are the cause of mutation in genes. 

Normally, mutations occur very rarely 
indeed: the chances arc all against a gene 
undergoing a sudden change. This is just 
as well, other\vise living creatures would 
develop eccentric characteristics, most of 
them harmful, more quickly than the pro- 
cesses of natural selection could eliminate 
'.hem. 

Mutation being a matter of chance, 
the great majority of mutant genes must 
disturb an established equilibrium between 
a species and its environment and must 
therefore be detrimental in their effect. On 
the other hand, if a mutation chances to be 
useful to the creature, there is time for the 
processes of selection and survival to retain 
the new feature. Both the fact of com- 
parative stability and the fact of occasional 
mutation are useful to life as a whole, for 
without relative stability there would be 
chaos in creation and without occasional 
mutations there would be no evolutionary 
progress. The mutant gene is the raw 
material of evolution. 

Evolutfon is not primarily purposeful, 
nor are life processes adaptive except as 
the result of selection. 

Mutant genes producing very marked 
changes tend to be more detrimental than 
do those whose effects on development are 
slight. It is among the latter that are to be 
met those whose action is found to be 
advantageous and which tend to replace 
.the original genes in the germplasm of the 
stock. This is the result of the fact, of course, 
that the individuals so advantaged flourish 
and contribute more than the average share 
of progeny to the following generations. 

The Gene and the Origin of Life 

It is not improbable that the first living 
thing to appear on this earth was a gene 
with the power to organize the appropriate 


organic matter present in its immediate 
environment into another gene like itself. 
These earliest genes, mutating, would 
produce new genes, and so genetic variety 
would make its dramatic appearance. Then 
attachments would arise whereby ••bundles" 
or “clusters" of genes w ould be formed and 
protoplasm would evolve, and the single- 
celled individual would appear as the fore- 
runner of all the living forms that have 
lived and arc living now (see Chapter XIV). 
It is not impossible that the viruses only 
recently discovered are but instances of 
life in its earliest single gene stage, and that 
the bacteria are representative of the early 
stage when aggregates of genes surrounded 
themselves with protoplasm. 

The SigniHcnnce of Fertilization 

Let us look now at what happens when 
an individual life begins. 

Conception, the creation of a new indi- 
vidual. consists cssc.ntially in the bringing 
together of two sets of genes— of the 
shuffling of the potentialities of the present 
stocks. One set enters the fertilized egg 
by way of the sperm, the other resides in 
the chromosomes of the nucleus of the egg 
itself 

The combination of these two sets of 
chromosomes brings together two genes 
of every sort of gene present in the parental 
stock to form the genetic constitution {or 
genotype as it is called) of the offspring. 
Hence we see that every individual has two 
genes for one function, one being derived 
from each parent. Genes, therefore, exist 
in pairs. 

Now in any pair the genes may be alike 
in the sense of being normal. If so. the 
individual is said to be homozygous (that 
is, the “same yoked together") in respect 
of these genes. Or both genes of a pair may 
happen to be mutant genes. This, too, 
means that the individual is homozygous 
in respect of these genes. 

Again, the genes of a pair may be unlike, 
one being the normal gene, the other a 
mutant gene. In this case the individual is 
called heterozygous (“different ones yoked 
together"). 

This distinction is most important be- 
cause of the effect of the single normal gene 
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on ihc single muiant in the heterozygous 
individual, and this we must now discuss. 

Dominance 

In the individual who happens to be 
heterozygous in respect of one gene pair 
there arc, as we have just seen, two genes, 
one the normal, the other the mutant. (It 
IS usual to call such genes alleles, a handy 
term which means “another form”: the 
normal and the mutant of a pair is each an 
allele of the other.) Each of these is capable 
of exerting its own particular and different 
mlliiencc upon the desclopment of the 
same character. If the degree of expression 
ot this character is thoroughly examined, 
It is often found that both genes have 
exerted their effects and that the resultant 
character is a compromise. But if the 
examination is superficial, it seems that one 
of the genes has produced its effect to the 
total exclusion of that of the other allele. 
One of the genes is dominant to the other, 
which is said to be recessive, or subordin- 


ate. Usually the normal gene is dominant 
to its mutant allele. For example, there is 
a mutation in a gene controlling the coat 
and eye colouring in many animals 
that has the effect of suppressing colour 
and, if colour is suppressed, an albino is 
produced. But this gene is itself almost 
completely suppressed in the presence of 
the normal gene. So if we have a couple of 
rabbits, for instance, one may be normal 
and homozygous (with two doses of the 
normal gene) and one heterozygous (with 
one of the normal and one of the mutant), 
but both will appear to be normal rabbits. 
But if we mate them and continue to in- 
breed the strain it may happen that we 
cross two heterozygotes. Then the off- 
spring may be normal homozygous, 
heterozygous or mutant homozygous. And 
of these only the last will be albinos, but 
some of the others will have the mutant 
gene. Some will be pure-breeding normals, 
and they can be distinguished only by 
breeding experiments. 



FIG. 2. MENDELIAN INHERITANCE IN RABBITS 
This Jrawing shons how the characteristics of one parent may be recessive to those oj 
the other, but will reappear according to certain definite rules in succeeding generations. 
{A) represents true brown, (B) true black, and (Ab) brown with black recessive. 
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FIG. 3. CROSSING-OVER AT MEIOSIS 

A tetrad. I<i and I/) resulted from the gene duplication in the original chroinosonie of ihi\ 
pair contributed hy the untie parent. 2a and 2b from the same event in the maternally derived 
chromosome. There has been crossing over, mutual interchange of genetic material, between 

2a and 16. 


It is probable that the mutation of a gene 
usually results in the weakening of the 
gene's enzymatic action, which would make 
that gene less capable of functioning; and 
that dominance and recessivity really repre- 
sent different grades of strength or e?ec- 
tiveness. It is to be expected that the geno- 
type of any given species is one that has 
been produced through mutation and 
appraisal, and that it is that collection of 
genes which produces a healthy and effec- 
tively surviving stock. This would explain 
its stability which, as we have seen, is 
desirable. Thus, too, when one gene of a 
pair is normal and the other mutant, the 
normal gene is usually dominant to the 
other. If most mutant genes are recessive, 
it then becomes possible for an individual 
to be exceedingly heterozygous and yet 
exhibit the normal characterization. 

Meiosis and Crossing-orer 
OHspring can differ from their parents, 
as we nave seen, by possessing new muta- 
tions, which is rare, or by being homozygous 
or heterozygous where the parents were 
either both heterozygous or one normal 
and the other mutant homozygous. Now 
a much more common basis of variation 
is the interchange of corresponding pieces 
of chromosomes derived from the father 
and the mother, so that all the genes that 
are located in one particular chromosome 
need not always be inherited as a block. 
This interchange or crossing-over takes 
place in the formation of the eggs and 


spermatozoa. Let us look at how this 
crossing-over takes place. It has been stated 
that the nucleus of every cell of the body ol 
the individual contains a double set of 
chromosomes, in man foriy-eight. in the 
form of twenty-four pairs of homologous 
chromosomes, and that in the egg and the 
sperm, on the other hand, there arc only 
twenty-four chromosomes, singles not 
pairs. This reduction in chromosome num- 
ber occurs during the formation of the ripe 
egg and sperm as the result of the process 
of meiosis. During this each chiomosome in 
the nucleus finds the one corresponding to 
itself that was originally derived from the 
other parent, and the two then entwine in 
lengthwise contact so that each gene comes 
to lie exactly alongside the same gene (or 
its allele) in the other chromosome. Some 
sort of specific attraction is mutually 
exerted by genes of like composition. 

As a result of this coming together the 
two sets of chromosomes seem to have 
become reduced to one set. Then every gene 
duplicates itself so that each pair of 
chromosomes (looking like a single chromo- 
some) becomes transformed into a group 
of four strands, a tetrad. Next, each two 
threads that are related by this doubling 
process tend to separate from the other two 
threads of the tetrad (shown diagrammatic- 
ally in Fig. 3). But at some points two of 
these four threads, one derived from each of 
the original chromosomes, stick, break and 
reunite in such a way as to have inter- 
changed corresponding segments of pater- 
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FIG. 4. THE INHERI- 
TANCE OF A PAIR 
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but not both. This is 
the law of segregation. 

His second law 
refers to random 
assortment and inde- 
pendent segregation. 
If in any breeding 
experiment two or 
more pairs of genes 
areinvolved(e.g.,AA, 
BB, Aa, Bb, aa, bb), 
each pair being resi- 
dent in a separate 
pair of corresponding 
chromosomes, then 
the distribution of 
the members of one 
gene pair is influenced 
in no way by that 


nal and maternal threads. By this process 
of crossing-over each of the four threads 
still has a complete set of genes, but some 
of these can be of maternal and others of 
paternal origin. Previous associations of 
genes ABC and abc in the two original 
chromosomes respectively can, as the 
result of this crossing-over become dis- 
rupted and regrouped so — Abc. aBC. ABc, 
abC. Then each tetrad becomes divided 
into two doublets and these doublets are 
pulled apart. Then the two members of each 
doublet are pulled apart. By these two 
divisions four nuclei are formed and each 
of these has received just one chromosome 
derived from each tetrad. It is a matter of 
pure chance which of these chromosomes 
enters into a particular nucleus, and, as 
has been described, this one chromosome 
can be a combination of paternal and 
maternal genetic material. The outcome of 
this behaviour can be stated in the form of 
rather simple rules in the Mendelian laws. 

MendePs Laws 

Mendel’s first law states that of any pair 
of alleles which an individual possesses 
within its genotype, any given ripe egg or 
sperm produced will containone or theother 


of any of the others. As the result of the 
different possibilities of combination of 
these genes the new individual genotypes 
may be quite different from those in the 
parents. Thus if one parent is heterozygous 
for normal colour and a particular quality 
of hair, but the other is an albino, and has 
the recessive sort of hair as well, the off- 
spring will have all the possibilities shown 
in Fig. 4 above, and in general it is often 
the case that a particular conibinalion of 
characters is much more useful than any 
one taken singly. An arctic hare wants a 
thick coat and also a white one. “Thick 
and brown” would be too conspicuous, 
“thin and white” not warm enough. 

Linkage 

Mendel’s first law remains unshaken by 
all the amazing advances that have taken 
place in our knowledge of organic inheri- 
tance. But it is now known that the second 
law holds only when the genes being 
considered reside in different chromosomes 
(as above). If they should reside in the 
members of the. same pair of corresponding 
chromosomes then crossing-over and the 
mutual interchange of genetic material dis- 
turbs the law. 
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The genes resident in one and the same 
chromosome will remain linked in trans- 
mission, so long as the chromosome itself 
preserves its physical integrity. Crossing- 
over between two chromosomes with identi- 
cal gene content is of no account, since what 
a chromosome loses it gains in this mutual 
interchange. It is when different alleles of 
different genes are present in the two 
members of a chromosome pair that this 
crossing-over can destroy this linkage. 

Frequency of Crossings-Over 
If this crossing-over can occur with equal 
case at any point in the length of the chrom- 
osome then the closer together two genes 
lie the less frequent will crossing-over be 
between them; the far- 
ther apart, the more 
frequent. Thus by 
making a study of the 
frequency of newcom- 
binations by any two 
pairs of linked genes 
it becomes possible 
to make a map of the 
chromosome showing 
the position of the 
genes in their relative 
positions in the length 
of the chromosome. 

Crossing-over is a 

FIG. 6. 

THE RESULTS OF m «hfomo»me 
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Sex-Linkage 

Sex is an hereditary character which obeys 
Mendel's first law of segregation. In man 
the female is homozygous for the genes 
for sex. and these reside in a pair of 
chromosomes known as the Xs. By 
segregation all her eggs receive one X. The 
male is heterozygous, having but one X 
carrying the very same sex-determining 
genes as do the Xs of the female. The X 
of the male has a partner, the Y chromo- 
some, which is unlike the X in respect of 
its gene content. Part of the Y is homolo- 
gous to the X, the rest is not. By segregation 
half of the spermatozoa produced by the 
male will receive the X, the other half the 
Y. An egg fertilized by an X sperm yields 
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F«m3le progeny 

an XX individual, a female; an egg fertil- 
ized by the Y sperm will yield an XY 
individual, a male. In some animals the 
female is XY, the male XX. 

Because of this difference between the 
sexes in respect of chromosome content it 
follows that characters dependent on genes 
in the X chromosome other than those con- 
cerned with sex determination will be 
linked with sex in their transmission. But 
there can be no crossing-over between the 
genes present in that section of the X 
missing in the Y and the sex-determining 
genes. They are completely sex-linked. 
Such completely sex-linked characters are 
peculiar in that, since there is no corres- 
ponding section of the Y containing normal 
genes, they will always be displayed in the 
male even though the gene is recessive. In 
the female, however, such a recessive 
character will appear only if the corres- 
ponding recessive gene is present in the 
homozygous state, present in both the Xs. 

The Progeny Test 

The genotype of an individual is revealed 


prp«ny , ^ . 

—the totality of the 
characters of his offspring. If the progeny 
are sufficiently numerous, which they seldom 
if ever are, then the genetic variation among 
them is the true measure of the heterozy- 
gosity of the parent and can provide a 
more or less accurate knowledge of his 
genotype. The expectations concerning the 
number and kinds of phenotypical varieties 
based on different combinations of genes 
can be calculated if the genetic constitution 
of both parents is known, and it is always 
found that the actual ratios and the expected 
ratios agree to a surprising extent. But in a 
human or a “wild” population the geno- 
types of the parents are not known, and 
most individuals of such populations do 
not differ one from the other in respect of 
a few pairs of genes, they are heterozygous 
in respect of hundreds. 

It has been slated that mutation is infre- 
quent. It does occur, however, and in any 
population every gene has a certain fre- 
quency rate. Thus, if a normal gene has, 
through mutation, yielded a mutant gene 
corresponding to a disadvantageous charac- 
ter, it is safe to assume that the individuals 


by his phenotype — 
the sum of the various 
characters he shows; 
but only imperfectly, 
since the latter may 
present little or no 
evidence of the 
numbers and kinds 
of recessive genes that 
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exhibiting this character and carrying this 
gene would tend to become eliminated. 
Nevertheless, fresh mutation could again 
yield the same mutant and undesirable 
gene. Two processes would be operating: 
the inception by mutation of an undesirable 
character and the elimination of the in- 
dividuals exhibiting this character and its 
gene. 

It seems that there is a correlation 
between these two processes and that an 
equilibrium is reached so that the gene is 
eliminated by natural selection as fast as 
it arises by mutation. The less disadvan- 
tageous on the average a mutant gene is, 
the slower is its elimination, and conse- 
quently the higher is the frequency of 
occurrence when it attains an equilibrium. 
Similarly, mutant genesconferringan advan- 
tage will tend to accumulate passively, as 
well as to multiply actively, until they 
become established in the place of the 
normal genes they replace. 


Between the individual and its external 
world it is essential that there shall be 
established a harmonious interrelationship. 
The total set of characters shown in the 
individual (the phenotype) must be such 
as to allow him to flourish in the conditions 
and circumsUinces of the habitat: the 
habitat must be such as to supply and 
satisfy the needs of the indis idual. Just as a 
changed phenotype based on a changed 
genotype can destroy this Itarmony, so 
also, of course, can changes of sulhcient 
rftagnitude, and beyond the adaptive 
capacities of the individual in the environ- 
ment itself. Should such changes occur 
then the equilibrium values become dilfer- 
ent and some genes and gene combinations 
become more, and others less, advantageous 
than before. So it is that in diflerent cir- 
cumstances different genes through selec- 
tion spread through a population to achiese 
that almost one-hundied per cent frequency 
which is known as normality. 


Test Yourself 

1 . The characters of living organisms may be grouped under two headings. 
What are they ? 

2. How do we know that the egg and spermatozoon, which are the beginning 
of a new organism, contribute equally in their hereditary influence on the 
new organism ? 

3. How does every individual cell of a complicated organism, built up from 
myriads of cells, come to contain every chromosome and every gene 
present in the original fertilized egg? 

4. What is a probable explanation of the way In which genes act? 

5. What is a "mutation”? 

6. What happens in meiosis and what is the importance of this process in 
heredity? 

7. What are Mendel’s two Uws? Are these laws known still to hold true in 
the light of modem advances in our knowledge of heredity? 

o. Explain sex as an hereditary character. 

. Answers will be found at the end of the book. 
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HUNGRY YOUNGSTER 

)<^•r)' (/7///W/V Irz-OH' vciv much fabler than they do when they are older. Therefore they 

/.<///// c' VCTV ereat dad of food in the early pan of their lives. This 

sunlin^ exemplifies the ea^er hnneer of a voun^; animal. It feeds on grubs and caurpdiars. 




CHAPTER Xlll 


DEVELOPMENT AND GROWTH 


A s has been previously explained, ihe 
process of ferlilization consists of the 
union of two kinds of sex-cells or gametes 
—the ovum of the female and the sperma- 
tozoon of the male — whilst the term de- 
velopment signilies the resultant changes 
that take place from the moment the egg is 
fertilized until maturity is attained. The 
male clement has the etTect of stimulating 
into activity the egg which on fertilization 
divides first into two, then into four, eight, 
sixteen and so on. until the embryo is fully 
formed. 

With the exception of some of the most 
lowly forms of life, every living creature is 
developed from an egg. Even plants have 
egg cells. The highest animals, which pro- 
duce living young, carry eggs, their develop- 
ment taking place at an early stage in the 
oviduct of the female and later in the uterus. 

Some egg-laying animals are hatched in 
the almost perfect state, whilst others 
emerge from the egg only partly developed, 
or in a larval stage bearing little or no 
resemblance to their parents. Most birds 
and reptiles fall in the foimer class, even 
though they may differ from the adult in 
the size and texture of certain features. The 
latter class embraces some fishes, amphi- 
bians. crustaceans, insects, etc., and these, 
as a rule, differ completely in their appear- 
ance from the adult. Some larval forms, 
those of the eel, crawfish and various other 
creatures, are so wholly unlike the parental 
form that, although known for centuries, 
their true identities have been discovered 
in only recent times. Eggs may be sur- 
rounded by a hard, or comparatively hard 
shell, or may be enclosed in a tough or 
extremely fragile membrane. 

Let us examine a typical hard-shelled 
egg, such as that of a hen, and consider its 
development after fertilization. A seaion 
of the egg divided lengthways reveals the 
white— which in the raw stale is not white 
but a glassy, translucent liquid— and the 
yolk, the part that supplies food for the 
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developing animal. On onesul: of the yolk 
is a small spot, formed of protoplasm, 
which after the fertilization and incubation 
of the egg will develop into the chick. This 
•‘living spot" — the embryo— absorbs ihj 
nutritive material provided by the yolk, 
which consists mainly of fatty food sub- 
stances, rich in vitamins. The white is also 
a larder, being formed of protein and water. 
The yolk floats in the middle of the white 
and retains its position by being tethered by 
rope-like filaments to the shell's inner coat- 
ing. Asa result of this contrivance, the yolk- 
ball swings about in such a manner that, 
even when the egg is rolled over, the de- 
veloping chick remains uppermost and thus 
in close proximity to its mother's warm 
body. The hard shell of the egg is composed 
of lime and, being porous, enables the de- 
veloping animal to obtain the necessary 
oxygen for breathing purposes by absorp- 
tion from the outside through the shell, 
The beak of the chick, prior to hatching, 
develops a hard protruberance or egg-tooth, 
and when the time comes for the creature 
to explore the world it frees itself by ham- 
mering at the shell with this weapon. The 
hard outer covering cracks, the chick crawls 
out and the egg-tooth, serving no further 
useful purpose, falls off. 

Evolutionary Landmark 
Biologically, the shelled egg marks an 
important step in the upward and forward 
trend of evolution, for it implies many 
advantages for the creature lodged in it. 
The number of hard-shelled eggs laid is 
usually dictated by their size in relation to 
that of the parent. Thus among birds the 
kiwi, which lays in proportion to its size 
the largest egg, seldom lays more than one. 

The great majority of animals so pro- 
duced step from the broken shell well 
equipped to pick up a living. Though it may 
be unsafe to.dogmatize just when the shelled 
egg first had its being, it was certainly an 
established institution with the development 
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ol certain land molluscs. Some large 
tropical snails produce eggs superior in size 
and strength to those of many birds and 
these, snugly hidden in the soil, stand a 
vastly better chance of survival than do the 
minute, soft, gelatinous eggs of their rela- 
tive. the oyster, which are dispersed by the 
million, in a haphazard manner, into a 
hungry world. The majority of creatures 
laying hard-shelled eggs can afford to lay 
but a few, confident that most, if not all, 
will stand a fair chance of survival. 

Only two mammals lay eggs— the duck- 
billed platypus of Australia and the echidna 
or porcupine ant-eater of the same con- 
tinent and New Guinea. These may be 
regarded as animals which bridge the gap 
between the ancestral reptile stock and the 
mammals. 


Development of a Frog 

Mention has already been made of 
animals that leave the egg in an embryonic 
or larval form, differing entirely from their 
parents in appearance. Let us trace the early 
development of the common frog, which in 
its early stages evinces an affinity with the 
fishes by passing through a gill-breathing 
larval stage. 

The female frog abandons her rounded 
eggs, enclosed in a gelatinous envelope— 
a provision against frost — in a pond in 
the early spring. The egg is spherical with 
a black spot — the living spot — in the 
middle of more or less transparent, jelly- 
like substance which corresponds to the 
white of a hen’s egg. The black spot is 
on the top of a small amount of yolk 
(which is white), the quantity of this food- 
store being meagre. 

A few days after the eggs have been laid 
and fertilized, the black spot changes form 
and becomes elongated and horse-shoe 
shaped. The head begins to lake shape and 
the presence of external gills becomes visi- 
ble. When liberated, which happens about 
ten days after the egg has been laid, the 
larval frog, or tadpole, has a large head and 
long tail, breathes by gills and is limbless. 

Gradually, the gills disappear to be re- 
placed by lungs, limbs are produced, the 
hind legs first, follow'cd by the front ones, 
and lastly the tail is absorbed. At the end 




YOUNG OF EGG-LAYING MAMMAL 

The yoiiii\i ones of the ditek-billcd platypus emerge from their t-.i'j'.v in a vfyv helpless state. 
Three are shown here in the nest near a river or stream. The yount; are hatched hy the 
heat of the mother's body and fed hy milk, which exudes from a number of poies on her skin. 

of iwo or ihree months— a period varying leaves the water transformed into a lung- 
according to the temperature of the water — breathing salamander, 
the tadpole, which during its aquatic life has The Brazilian paradoxical frog, although 
fed on algae and decaying matter, both no larger than the common British species, 

animal and vegetable, will have meta- Is actually considerably smaller than 

morphosed into a frog. its tadpoles. The latter attain an enor- 

The larva of a Mexican salamander, mous size and were described by ancient 

known by the name of a.xoIotl, is remark- writers as animals which had begun life as 

able in that, in certain lakes it inhabits, it frogs but which eventually turned into lish. 

may spend the whole of its existence in the In the fisher, there is usually a relation 
imperlect form, breeding in that condition, between the size of the egg and the develop- 

It has been found that this Peter Pan of the ment of the young on hatching. In those 

animal world can be forced to grow up by forms that produce large eggs the young 

being given a single meal erf thyroid or usually emerge in a fully developed con- 

pituitary gland. The axolotl is a creature dition; where, however, they are small there 

with large external gills, fins on the back may be a prolonged larval stage, 
and tail and having, like all aquatic animals. Examples of larval (ishes include the 
no eyelids. Soon after being fed on thyroid newly hatched lung-fish, which are pro- 

or pituitary gland, its gills and fins dis- vided with long, feathery external gills and 

appear, eyelids are formed and the creature are very like the tadpoles of frogs and toads. 
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ilic cx'l'. ihc llat-fish .ind the lampreys. The 
eel when ii loa\e^ the egg and starts on its 
long journey I'rom the Sargasso Sea to 
E.uropean shores, is a transparent, leaf- 
shapctl creature cjuite unlike the mature 
(ish. with a \ery small head and no fins, and 
u IS not until it is nearly three years old 
that its body attains a cylindr.cal form and 
bears any resemblance to its parents. 

The eggs of that primitive fish, the lam- 
prey. gi\e rise to worm-likc larvae, known 
as prides, which differ from the adult fish in 
having rudimentary eyes, buried beneath 
the skin, and horseshoe-shaped mouths, 
'urrounded by fringed barbels forming 
strainers. Soon after hatching the prides 
select a suitable spot, where they dig ver- 
tical lubes in which they lie buried for a 
period of three or four years, before 
metamorphosing. 

In the lower animals, the retention of a 
larval period for short or long periods is the 
rule rather than the exception. Insect larvae 
differ enormously in size, shape and length 
of time they take to develop into their 
perfect form. The eggs may be laid sing'y 
or in masses on plants, in the earth or in 
water. Durmg development, the larvae shed 
their skins and in some cases with each 
moult become more like the adult. In other 
insects, the larvae, when they have attained 
their full size, secrete a tough covering and 
in this covering, cocoon, or chrysalis they 
rest and assume their final characters. 
When the transformation is complete, the 
covering splits and the insect emerges. 

Larvae of Dragon-fly 

Butterflies, moths and flies leave the egg 
in a wingless state in the form of cater- 
pillars or grubs. The eggs are laid, in the 
case of butterflies and most moths, on 
plants that give the grubs the nourishment 
they require; in many flics they are de- 
posited on decaying flesh. The ostentatious, 
sun-loving dragon-flies spend their early 
days in the larval state at the bottom of 
ponds or streams, when they fearlessly 
attack anything they can overpower, even 
quite large fish. The mouth-parts of the 
larva form a mask armed with a pair of 
sharp pincers, which can be projected a 
considerable distance and are employed to 


seize prey. When the larva, or nymph, is 
fully grown and Is about to transform into 
a dragon-fly. it ceases to feed, climbs out of 
the water on to the stem of a plant and 
waits for the hard cuticle with which it is 
enveloped, to split, It then emerges a fully 
formed dragonfly. 

The mayHy. before it dances for only a 
few hours on the water's surfac-:. spends a 
lengthy period, often years, as an aquatic 
nymph. The lly's eggs arc deposited in enor- 
mous numbers — sometimes as many as 
four thousand are laid by a single female — 
in the water. The larvae, which arc herbi- 
vorous. usually burrow into the stream-bed 
as soon as they are hatched. At the time of 
year when the mayfly is due to make its 
appearance, the nymph rises to the surface, 
its back splits and from the hard cuticle 
which surrounds it a mayfly crawls out and 
takes to its wings. 

Longest Larval Life 

Perhaps most remarkable of all insect 
larvae arc those of the North American 
scveniccn-ycar cicada. The grubs of this 
creature spend c.xactly seventeen years 
underground, and when about to transform 
make their way to the surface by the 
million, simultaneously. 

The sea surface is populated by a vast 
community of minute transparent larval 
creatures, collectively known as plankton. 
Many of these arelhe young of crustaceans, 
worms, molluscs, etc., which as a rule pro- 
pel themselves through the water by means 
of numerous lashing hairs, or whips. 

The larvae of crustaceans, such as crabs 
and crawfish, are grotesque-looking crea- 
tures, with enormous heads which are 
maintained in equilibrium by means of pro- 
jecting spines. The sedentary barnacles, as 
a result of a study of their young, are now 
known to be crustaceans. When attached to 
a rock, and uncovered by water, the bar- 
nacle shows no active signs of life, but in its 
early stages it is free-swimming and in its 
make-up conforms to other infant crusta- 
ceans. The young barnacle leaves the egg 
as a minute pear-shaped animal whh three 
pairs of appendages. 

After passing through a scries of moults, 
the body becomes enclosed in a loose 















LONG LARVAL LIFE 
The h'onh Ainciican cicada 
spends seventeen rears 
underground as a larva hut 
only a few weeks as an adiili. 
Here an adult has just 
emerged from its larval skin, 
leaving it dinging to a stem. 


carapace, with eyes. Icclers and six pairs of 
limbs. After spending a free-swimming 
existena*. it fixes itself head downwards to 
a solid object by means of its feelers. The 
eyes then disappear and calcareous plates, 
which form the new and formidable armour 
ol the adult, develop. The barnacle is an 
example of a comparatively low type of 
animal in which the adult condition con- 
stitutes a stage, not of development, but of 
degradation, or retrogression. 


chored to solid objects. 
Some may live as single 
individuals, others may form 
colonies, but all agree in 
their relationship to the 
higher animals by spending 
their early lives as inde- 
pendent tadpole-like 
animals. They are then 
provided with a notochord, 
similar to that formed in 
every back-boned animal, 
a brain, an eye. a balancing 
organ, a mouth, a digestive 
system, a heart and a 
nervous system. 

After swimming about 
for some time, by the aid 
of a long-finned tail, and 
leading a free and active 
life, the juvenile sea-squiii 
attaches itself to some fixed 
object and undergoes a 
course of degeneration, 
gradually losing its notochord and greatly 
reducing heart, brain and tail — all. in fact, 
except a few essential organs. 

With a few exceptions, the number of 
young that an animal is capable of pro- 
ducing and raising is in the case of mam- 
mals determined largely by size. The small 
spiny mouse of Egypt can scarcely be said 
to have any childhood, since the creature 
from the age of a little over a month pro- 
duces a family of about a dozen every three 


fravcliing Backwards 

Still more perfect examples of creatures 
which have turned back, after travelling far 
upon the road of evolution, are the asci- 
dians or sea-squirts. These, when adult, 
may resemble plants and become encrusted 
on rocks or weed, or take the form of fleshy, 
flask-shaped creatures that remain an- 


or four weeks. 

Another very prolific mammal is that 
spiny, insectivorous inhabitant of Madagas- 
car. the tenrec, which at frequent intervals 
producesa litter of twentyormore.The small 
opossums also have large families of about 
a dozen and these make their appearance at 
intervals, much as the chicks of certain 
birds hatch from the eggs and the fry ol 


NUMBER OF EGGS WHICH BIROS I.AV 


viviparous fish arc born by instalmcnls. 

In contrast to the mice, which launch a 
large family on the worM more than a 
dozen limes within the year, is the Austra- 
lian "bear,” or koala, which produces only 
a single young and breeds only in alternate 
years. The mammals that normally gi\e 
birth to a single young include the apes 
and monkeys, the elephant, the whale, the 
various cattle, sheep, goats, horses, ante- 
lope, the giraffe, the camel, the rhinoceros, 
the hippopotamus, the tapir, the sloth, the 
ant-eater and the kangaroo. 

Eggs of Birds 

The number of eggs that a bird lays bears 
no relation to its size. The second largest of 
all living birds, the emu, may lay as many 
as eighteen, while the little crested swift is 
satisfied with a single egg. The smallest of 
birds, the humming birds, lay two to four 
eggs only, whilst such comparatively large 
forms as the mound birds and guinea fowl 
may deposit as many as twenty. The para- 
sitic cuckoo of western countries lays about 
twenty eggs, each being placed one at a 
time in the nest of some other species of 
bird. Birds that lay but a single, or eveep- 


iionally two eggs, include forms differing 
in size, relationship and habits. They arc 
the largo kiwi, the penguins, the petrels, the 
llamingocs. the griffon \uliurc. the louc.ins 
and the diminutive sun birds. 

As will be discussed later, most birds 
show a liscly responsibility in rearing their 
families and devoting themsebes to the 
education of the chicks, in the ctises where 
the young are helpless when they leave the 
egg. they may be many weeks acquiring 
strength and knowledge whereby to earn 
their own livelihood. Where, as in the ctise 
of the partridge, the chicks can scratch for 
themselves almost as soon as they are clear 
of the egg, and the family is a numerous 
one, the race will hold its own in spite of 
lack of parental support and guidance. 

As regards reptiles, the number in the 
family varies between two and one hundred, 
the accepted method, with very few- csccp- 
lions, being to abandon the eggs, or the 
young, in the case of visiparous species, in 
holes in the earth, sand or rotting vege- 
tation. 

Amphibians may lay live thousand or 
more eggs and leave them to their fate, or 
only a few. in svhich case the eggs, and 


AMPHIBIAN FORM OF AXOLOTL 

A semi-albino variety of the Mexican salanianilcr Amhlystoma tigrinum. in its atiiiaiic 
larval form it is known as an axolotl ami has external gills ami hack ami tail fins. In some 
waters it retains the larval form thronghont life ami even hree-.h in that comliiion. 
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occasionally the tadpoles, are very care- 
fully guarded by the parents. 

Prodigality and its reverse is seen in the 
lishcs. The world record is held by the 
ling with thirty million eggs. Other fish that 
lay very large numbers are the turbot, 
nine million, and the cod, seven million. 
Where the eggs arc laid at or near the sur- 
face. and left to chance, or rather to the 
mercy of adverse winds, currents, tempera- 
ture and a host of enemies, the waste is 
enormous and it has been calculated that in 
the case of the cod, less than one egg in 
every million actually survives to become a 
fully formed fish. 

Oyster’s Chances of Survival 

Reckless wastage is the lot of the eggs 
and larvae of most invertebrates. In the 
citse of the oyster, except where man has 
stepped in and reared the creatures arti- 
ficially. only about a dozen of these mol- 
luscs attain maturity out of every two 
million eggs laid. On the oyster’s eggs 
hatching, the larvae or spat are shot out of 
the shell into the water with considerable 
force and the two million baby oysters 
travel to the surface, resembling a smoke 


cloud. Their journey is indeed a perilous 
one. The surface of the water swarms with 
such enemies as the larvae of fish, crabs, 
lobsters and jellyfish all regarding the infant 
oyster as a delicacy. Should it run the 
gauntlet safely for forty-eight hours, it pro- 
ceeds to sink to the bottom and if it finds 
suitable anchorage cements itself to the 
sea-b;d. 

As it grows, it enlarges its sh;lJ and 
accommodates its increasing girth by 
adding layer upon layer of oyster-cement to 
the outer edge of each shell. It grows at the 
rate of about half an inch in diameter a 
year for the first five years of its life, when 
it may be regarded as grown up. Even when 
adult, the oyster is at the mercy of starfish, 
sea urchins, crabs, octopuses, whelks and 
boring sponges. The starfish envelops the 
mollusc in its arms, each of which carries 
several hundreds of suckers, and exerts a 
pull which has been caloulated at over ten 
pounds. At the same time, an acrid secre- 
tion is ejected between the oyster’s valves. 

The whelk attacks its fellow mollusc, 
penetrating its shell with its rasp-like 
tongue, whilst the boring sponge, which is 
able to tunnel limestone to a depth of 



CHAMELEON DEPOSITING EGGS 

Some species of chameleons lay eggs : others retain their eggs inside their bodies until 
the young ones are fully formed. This species may lay as many as forty eggs at a time. 


ELEPHANT SEAL AND CUB 

Some of the animals have relumed to the ac/iiaiic life practised hy their ancestors, iliotish 
they retain the mammalian method of bearing their young alive. An elephant seal mother 
is shown with her cub. They gel their name from the fle.xible trunk or proboscis. 


several feet, makes short work of oyster 
shells, honeycombing them with a maze of 
galleries. 

Child welfare in the wild depends largely 
upon the number in family. This rule 
applies to the mammals, if with less force 
than to animals lower in the scale of life. 

Care of the Young 

In mammals, with some exceptions, the 
care and upbringing of the young devolve 
solely upon the mother. In all apes, and 
most monkeys, the infant is nursed like one 
of our own kind. In the case of that diminu- 
tive little monkey, the marmoset, it is the 
father, however, who dutifully rocks the 
cradle. The male has the baby thrust upon 
him almost as soon as it is bom, and only 
when its nourishment becomes imperative 
does its fickle mother take over, handing 
back the burden to her conscientious 
consort the moment her duties have been 
performed. The child is nursed, first in its 
father’s arms, later resting on one hip and 
finally upon his back. 

Arrived at this stage of development, its 
bulk and boisterous demeanour render its 
porterage an anything but enviable task, 
and when at the end of about three or four 
months the father divests himself of his 


offspring he does so. one imagines, with 
definite relief. 

In mammals which are born in a helpless 
condition, the infants are nursed in a family 
which lives by itself. Where, however, as in 
the case of grazing animals such as ante- 
lope, which, in order to avoid their enemies, 
may have to move on at a moment's notiw, 
the self-helpful young, differing little from 
the adult except in size, and possibly in 
coloration, associate with other families 
and, although fed by their own mothers, 
arc protected by the largest and strongest 
males, who take charge of the community. 
These animals live in herds for their mutual 
protection. 

The method of carrying the young about 
on the back or in an abdominal pouch, as 
in the case of the marsupials, is resorted to 
by a number of mammals. The kangaroo 
and the wallaby make perfect mothers, once 
their infant is safely tucked away in the 
pouch, but are not equal to the task of con- 
veying them into the pocket. Recent obser- 
vations show that the baby kangaroo’s safe 
emplacement in the pouch is at best a very 
uncertain business. The new-born animal, 
not more than an inch in length, even in the 
case of the largest species, and bearing a 
superficial resemblance to a maggot rather 




MATERNAL PROTECTIVE INSTINCT 
? mammal is horn in a relatively helpless state when compared to the yowh. 
he lower forms of life. But maternal care reaches its highest expression in 
ami the mother not onlv feeds her young ones hut also protects them from 
■huh they would encounter if they left her side. Most monkeys are devoted moth 
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than to a mammal, struggles on knees and 
elbows into the pouch, at considerable risk 
of wandering in the wrong direction and so 
perishing. 

The mother is so witless as to have no 
idea of guiding her helpless infants wan- 
derings, so that its ultimate acquaintance 
with the milk supply and its hopes of 
thriving to maturity are great adventures. 
Once in the pouch, the baby kangaroo may 
remain there and look out on the world for 
at least six months. At the end of that 
period, it becomes an uncomfortable charge 
and is expelled, having outrun its mother's 
patience. 

The Australian tree-opossums, like the 
kangaroos, and in fact all Australian 
animals, likewise spend their early infancy 
in the maternal pouch. But these opossums, 
six or more in number, when the pouch 
cannot accommodate them, all are carried 
on the maternal back, each baby opossum 
keeping its position by twisting its long 
prehensile tail round that of its parent. 

Offspring of Bats 

The bats, which arc held by many 
authorities to be more closely related to the 
monkeys and lemurs than to any other 
animals, enter the world naked, save for a 
mere shoulder-cape of hair. The inverted 
position is its normal posture while suck- 
ling, when one of its mother’s ample wings 
forms a cradle in which the baby r?sts. 
When its weight becomes oppressive, the 
infant is shifted over to the opposite wing 
and is later weaned on scraps of fruit, which 
it takes from the parental mouth. 

Many aquatic mammals such as sea- 
lions, beavers and hippopotamuses, are 
“all at sea” in their early days and have to 
undergo a course of swimming lessons 
under maternal tutelage. The baby sea-lion, 
for instance, is pushed forcibly into the 
water by its mother who, until the youngster 
shows that it can be safely left unaccom- 
panied, swims underneath her offspring. 
Should the baby show signs of distress, the 
parent supports her pupil on her back and 
makes for the shore. 

The hippopotamus is another aquatic 
animal that does not take to the water from 
birth. The hundred-pound infant is carried 


into the water on its mother's back but 
not submerged. So used to this riding is the 
very young hippopotamus that on one 
occ;uion at the London Zoo, when its 
parents had a serious ditferenco of opinion 
in their pond and rose on their hind limbs, 
the infant obstinately retained its seat. 

Some aquatic rodents are carried to the 
water in a remarkable fashion. The infant 
beaver, for instance, literally surf-rides on 
its mother’s broad, flat tail, clinging to the 
fur of her back. The large South Amcriciin 
coypu rat is accommodated in an equally 
striking fashion. A family of six babies cling 
to their mother’s back — three a side — 
aiding her progress by vigorous strokes of 
their small webbed hind feet, so that the 
coypus when swimming en familU’ present 
the appearance of a miniature galleon under 
way. 

In the shrews, the milk glands arc situa- 
ted adjacent to the mother’s armpits. In the 
elephant shrew, so called bcctiuse of its 
immensely long nose, its two babies ride 
side by side on its back, their trunks sloping 
over the maternal shoulders one on either 
side of the parent’s face. 

The young of the echidna are hatched 
from eggs in a kangaroo-like pouch, the 
infant chipping the shell of the egg by 
means of an egg-tooth — tin enamel spur 
fitted at the end of the snout. The duck- 
billed platypus lays two or three eggs, each 
about the size of a pigeon’s, in a grtiss- 
lincd chamber near the water’s edge, which 
may be forty feet from the entrance. On 
hatching, the babies are blind and naked: 
the beak is fleshy, not hard as in the adult, 
and is adtipted to receive its mother’s milk. 

Parental Responsibility 

Birds, even more so than mammals, 
show a high sense of responsibility in 
bringing up a family. Before the eggs arc 
laid, the parents get busy building a nest 
for their reception and incubation. The 
latter function is usually the prerogative 
of the female, but in a few cases this duty 
may be shared by both cock and hen or 
even entirely undertaken by a broody male. 
Thus, in the case of the emu and the kiwi, 
the male alone sits upon the eggs and takes 
care of the brood. The polygamous ostrich 
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takes his share in the duties of incubation 
with numerous wives. 

The male penguin is likewise a devoted 
father and co-operates with his consort in 
raising the family. Birds when they hatch 
may be naked and helpless, or covered 
with feathers and strong in the leg. The 
food that they are provided with varies. 
Many are fed on worms and caterpillars. 
Some are given food pre-digested by the 
parents. In the case of the pigeons, the food 
with which the squabs are supplied takes 
the form of a fluid, pigeon's milk, re- 
gurgitated from the lining of the crop. 

Ground Nests 

The nature and shape of the nest depends 
not only on the building locality but on the 
length of time that the chicks will remain 
in it. Thus in the ostrich-like birds, the 
eggs are deposited in rough depressions in 
the ground. These birds are hatched in a 
very forward condition. They must be 
quick on the leg soon after leaving the egg 
and in a position to make a hurried move 
on the exposed plains, where they first see 
the light of day, in order to escape from 
predacious enemies. Among other birds 
that lay in depressions on the ground, lined 
with perhaps a little grass or sheltered by 


low vegetation, are bustards, penguins, 
skuas, gannets, grouse, partridges, night- 
jars and stone-curlews. 

Nests which take the form of rough 
structures are built by pelicans and herons. 
Birds that lay in holes in trees, river-banks 
or rocks include parrots, trogons, hom- 
bills, toucans, owls, Jackdaws and king- 
fishers. The bowl-shaped nest, composed 
of grass, twigs, root fibres, moss, etc., and 
lined with feathers, which in the case of the 
ducks, geese and swans are not those of 
other birds, but are plucked from the 
parental body, is the type most in favour. 
Certain honey-eaters rely mainly on the 
hair of animals for their nests, and an 
Australian species builds with the cast-off 
clothing of kangaroos and wallabies. 

Some seventy-five years ago, the country 
on which now stands the suburbs of 
Sydney was well stocked with wallabies and 
the little honey-eaters relied on the hair of 
these for building their nests. When civiliza- 
tion crowded the marsupials out of the 
picture, the birds were forced to seek a 
substitute building material, and this they 
found in the next best thing — human hair— 
which they helped themselves to from the 
heads of passers by. 

The aesthetic bower birds decorate their 


MOTHER OPOSSUM CARRYING YOUNG 
The oposmm lives in Australia and the Americas. Some have pouches in which they carry 
their young, and others are without them. The common opossum bears two or three litters 
(I year. When they are old enough to leave the pouch the young ding to the mothers back. 



OSTRICHES EMERGING FROM THE EGG 

Young of birds which lay their i-ggs in exposed places are hatched out in a v«'rv forward 
condition. Ostrich chicks are fully fledged and able to run about from the start. 


nesis, formed of grass, twigs and mud, 
with shells, feathers or flowers which arc 
renewed as soon as they fade. Of the many 
dillerent species, each has its own con- 
ception of the ideal home. 

Mound Builders 

In the Australian brush turkeys, or 
mound builders, the males, either singly or 
in company, erect monumental mounds 
composed of leaves and debris, in which 
the hens lay their eggs. The male birds not 
only build the mounds, which may cover 
an area of twelve feet square and weigh 
nearly three tons, but take upon them- 
selves the upbringing of the family. The 
eggs are incubated by the slow fermenta- 
tion of the contents of the mound, an 
incubation which is supervised by the cock 
bird, who continually tests the heat of the 
Inside of the structure by thrusting in his 
bare neck, which is thus used as a thermo- 
meter. Leaves and twigs are added or 
removed as required, and so an even 
temperature is maintained. 

Throughout these irksome and arduous 
labours, the hen sits back admiring her 
consort’s efforts. After about forty days the 
eggs hatch. On suspecting the hatching to 
be imminent, the dutiful father removes 
much of the litter and the chicks struggle 


to the surface. The latter are independent 
from the first. Not only can they scratch 
for a living as soon as they reach the 
surface of tbe mound and first see daylight, 
but arc capable of llying a few hours after 
hatching. 

The smaller kinds of penguins incubate 
one or two eggs in a rougli nest on the 
ground, upon which both parents sit and 
share the responsibility involved. In the 
case of the large king and emperor p>en- 
guins, the single egg is incubated whilst the 
cock or the hen stands in an upright 
position, the e^ being held in a fold of 
skin between the abdomen and the legs 
which closes over it from above like a roof. 
This not only keeps the egg stable, but the 
enormous layer of fat which invests the 
entire bird like a blanket also supplies the 
heat generated by this strange incubator. 
Both parents take turns at incubation, a 
responsibility lasting from a few hours to 
several days, according to the inclination 
of the nurse. 

Fatigue or hunger dictating a period of 
off duty, the bird in charge summons its 
partner by a trumpet-like call. The relieving 
bird stands shoulder to shoulder with the 
party on duty, who by a skilful movement 
of the ankles slides the egg from its instep 
on to that of the new nurse. On hatching, 







BRUSH TURKEY AND NEST 

The nest oj the Aiisiraliaii 
hrush turkey is composed 
mainly of leaf mould and is 
usually ill the shade of trees so 
that t he temperature for iiiciiha- 
lioii is derived from the decay 
of moist vegetable material. 


the fledgling is clad from back to ankles 
in a thick, shaggy suit suggesting an 
Eskimo's attire. This slowly falls away 
from the ankles upwards, so that the bird 
wears successively a great coat, a breast 
jacket and finally a tippet. By the time this 
last garment is shed, the bird has attained 
to full stature. 

“Safety first " is the motto of the horn- 
bill. who having wooed and won his male 
conducts her to a tree, and having seen 
her scramble safely through a hole in the 
trunk plasters up the hole with mud. 
leaving a mere key-hole for air and the 
introduction of food. There the hen may 
remain for two or three months. By this 
seemingly tyrannical behaviour, the male 
safeguards the family from snakes and 
other foes during his absence on foraging 
expeditions. 

Reptiles which may come into the world 


by being hatched from eggs 
01 being born alive, show as 
a rule little solicitude for their 
offspring. The eggs of croco- 
diles and pythons are, how- 
ever, the subject of parental 
protection. Thus, crocodiles 
deposit their hard-shelled 
eggs in nests composed of 
vegetable matter on the edge 
of the water, where they are 
carefully w'atched over by the 
parents. 

Most snakes lay their eggs 
in decomposing matter on 
the ground, where they arc 
hatched by the heat of the 
sun. The python, however, 
the largest of the world’s 
snakes, displays a very real 
anxiety for its eggs. In this 
reptile, the eggs, up to one 
hundred in number, are 
protected by the mother, who coils herself 
round them and subjects the ova to incuba- 
tion. During this nursing period, which 
sometimes extends over four months, the 
temperature of the female rises several 
degrees above the normal. 

As has been stressed already, in fishes 
the nature and number of eggs laid are 
indicated by the protection that is given 
them. In sharks and rays, the eggs arc often 
enclosed in horny envelopes formed by a 
gland peculiar to these fishes. The corners 
of the envelopes are usually drawn out into 
long tendrils, which become coiled on to 
pieces of seaweed or stones. The eggs are 
very few in number, only one or two being 
deposited at a time. The period of divclop- 
m.mt may extend for over a year, the fish 
escaping eventually through a slit in the 
envelope. 

Some sharks are viviparous, being born 




PARENTAL CARE AMONG FISHES 
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PROTECTION DURING 
DEVELOPMENT 

Newts lay their eggs in groups 
carefully attached to the leaves 
of underwater plants. A young 
newt is seen developing within 
its protective egg-case of jelly. 


in the perfect form except for carrying a 
yolk sac from which they continue to 
derive nourishment for several weeks after 
being bom. In no branch of the animal 
kingdom has parental care reached such 
extraordinary heights as among the fishes 
and amphibians. 

Many fish, both fresh-water and marine, 
build nests for the reception of the eggs 
and these may vary from simple hollows 
scooped out in the river- or sea-bed to the 
most elaborate structures designed to form 
an impregnable fortress. The lish that 
excavate such simple depressions in-lude 
the salmon, the darters, the fresh-water 
sun-fishes and many cichlid perches. In the 
salmon and the darters, the labours of 
scooping out a trough in the gravelly 
bottom of the river devolves upon the 
female. In the fresh-water sun-fishes, the 
work is carried out by the males, and in the 
cichlids by both prospective parents. 

The cichlids. which inhabit irop.cal 
Africa and South America, have extensile 
mouths which arc employed in hollowing 
out saucer-shaped hollows in the sand or 
shingle. The fish take up large mouthfuls 
of silt, dumping it at a short distance, until a 
suitable depression is formed. This labour 
occupies several days, and the waste rubble 
of one pair of workers may 
find its way into the territory 
of another pair, causing much 
neighbourly friction. When 
finally the eggs are laid and 
hatched, the young fry are a 
constant source of anxiety. 

Baby fish that stray too far 
from the nest are hastily 
retrieved by the process of 
engulfing them in the parental 
mouth and bearing them back 
to the nursery. Other fresh- 
water fishes construct nests 


by clearing passes among reeds and other 
aquatic plants. The male of the North 
American bow-fin, an elongate fish 
measuring up to two feet in length, builds 
a large nest by clearing a circular space, 
two or thiee feet in diameter, among rushes. 
He mounts guard over the nest and pro- 
tects the eggs from predacious enemies, 
among which, by no means the least 
dangerous, is the cannibalistic mother. 

The nest of the Africiin fish. Hetcrotis, 
built in shallow water, may measure four 
feet in diameter and the thrcc-inch-thick 
walls are constructed by both parents of 
the stems of plants removed from the 
centre. 

The male ’ Afriam lung-fish excavates 
a fairly deep hole in the mud of a 
reedy swamp and not only keeps a watch 
over the eggs but aerates the surrounding 
water by lashing it with his tail and thus 
supplies the ova with the necesstiry amount 
of oxygen. 

The three-spined stickleback is the 
builder of an elaborate barrel-shaped nest 
formed of weeds, roots and twigs bound 
together, its construction being undertaken 
entirely by the male. 

The late J. R. Norman has quoted some 
notes made by Lord on the building of the 
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nest and the precautions taken by the 
father fish to ensure the safety of the eggs. 
Lord observes that “during the operation of 
building, the male tests the nest’s dura- 
bility and strength: he rubs himself against 
it and scrapes the slimy mucus from his 
sides, to mix with and act as mortar for his 
vegetable bricks. He thrusts his nose into 
the sand at the bottom and engulfing a 
mouthful scatters it over the foundation: 
this is repeated until enough sand has been 
thrown on to weigh the slender fabric down 
and to give it substance and stability. He 
then twists and turns to test the firm adher- 
ence of all the materials. The nest or 
nursery, when completed, is a hollow, 
somewhat rounded, barrel-shaped struc- 
ture. The inside is made as smooth as 
possible by a kind of plastering system; the 
little architect continually goes in, then, 
turning round and round, works the mucus 
from his body on to the inner sides of the 
nest, where it hardens like a tough varnish. 
Having finished the home, which may take 
several days to complete, he goes in search 
of a mate and after an elaborate process of 
courtship conducts her to the nest. While 
she is in the nest, she deposits two or three 
eggs. The female then swims away and the 
male seeks out other brides. When sufficient 
eggs have been deposited, the male mounts 
guard over the entrance, defending his 
charge with vigour against all comers for 
nearly a month, furiously attacking any 
other stickleback that attempts to approach 
the nest. From time to time, he repairs any 
damage to the walls. Every now and then 
he shakes up the material and drags out 
the eggs, which after replacing he tucks up 
again with his snout.” 

The nest may be said to be water-con- 
ditioned, since the doorways allow for a 
constant current of fresh cool water to 
pass through. Even after the young hatch, 
the father’s duties are not completed, for he 
converts the nest into a cradle by pulling 
down its upper portion. The fry for some 
weeks after leaving the egg are prevented 
from exploring their surroundings and any 
truants are immediately pursued, seized in 
the parental mouth and returned to their 
cradle. 

The rainbow-coloured paradise fish of 


China, and the fighting fish of Siam, make 
nests formed of bubbles, which the males 
blow on the surface of the water and in 
which they place the eggs laid by their 
partners. The bubbles are coated with a 
sticky saliva which hardens and causes the 
structure to set. 

Mussel’s Protege 

The eggs of. a small Central European 
carp are laid in the mantle cavity of a pond 
mussel where they hatch, beyond the reach 
of foes, the respiratory current of water, 
inhaled by the mollusc, serving to aerate 
the ova. The mussel repays itself for its 
hospitality by discharging its own embryos 
into the water, where they spend their 
infancy beneath the scales of the fish. Not 
until they are perfectly formed mussels do 
they leave their host. 

The female butterfish of British waters 
rolls her eggs into a compact ball and pro- 
tects them by coiling herself about them. 
Still more remarkable is the manner in 
which the male sea-horse carries the eggs 
in a kangaroo-like abdominal pouch 
formed of two flaps of skin upon the under- 
surface into which they are deposited by 
the female. The baby fish, when they 
emerge, hover for a time round their father, 
anchoring themselves to his caudal append- 
age by their own long prehensile tails. 

Id Mother's Mouth 

Parental care in fishes reaches its zenith 
in the case of those which retain the eggs 
in their mouths until they hatch. In the 
case of an African perch, the. mother 
shelters about fifty eggs in her mouth for 
a period of a little over a week. For the 
first few days after hatching, the little fish 
keep in close proximity to their mother’s 
head, and in the event of danger the young 
disappear with lightning-like rapidity into 
the familiar retreat. In an American cat- 
fish, the eggs are retained in the mouth for 
over two months, during which period the 
mother abstains from feeding. 

The young of certain members of the 
mackerel family seek protection from 
enemies by taking shelter under jellyfishes. 
So long as- their presence is undetected, 
they suffer no harm from their invertebrate 


EMBRYONIC DEVELOPMENT COMPARED 


:‘?5 



RABBIT 


EMBRYOS . IN FOUR STAGES OF DEVELOPMENT 
Young embryos of related animals look much alike. In this picture tin 
are shown at the top, progressively older stages as we proceed down the p 

grow older they gradually become less alike. 
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hosts, whose long stinging tentacles seize 
and paralyse other small fishes. Dr. Beebe 
has gi\cn an account of the conditions 
under which the young mackerel associate 
with the jellyfish. The jellyfish, he states, 
“probably does not even know of the 
fishes* presence until one of them ineptly 
bumps against the hair-trigger of its nettle- 
batteries and affords it a hearty meal.” 

A jellyfish, measuring two by four inches, 
which Dr. Beebe captured, contained no 
fewer than a dozen healthy little fish, 
which, as he observes, must have been 
packed together like sardines in a tin. 

Certain frogs and toads are as adept at 
nest-building and the careful bringing up 
of a family as are many birds. Thus, an 
American tree-frog lays its eggs in several 
lea\cs wo\en together, the nest recalling 
that of a weaver-bird. The cradle containing 
the egg-masses overhangs the water, into 
which the tadpoles fall when in a late stage 
of development. An Indian frog deposits 
its eggs in frothy nests, which likewise over- 


hang water into which the tadpoles fall. 
The frothy nursery is formed by a secretion 
exuded and beaten up by the mother. An 
Australian frog likewise builds a bubble 
nest, but here it floats upon the surface oi 
the pond, and in this raft the eggs develop. 

Some frogs build miniature swimming 
pools formed by enclosing a portion of a 
pond by surrounding it with mud walls. In 
this secluded piece of water, the tadpoles 
live secure from enemies. Their meta- 
morphosis into perfect frogs synchronizes 
with the rainy season, when the walls of 
their enclosures become demolished. The 
walls of the watery nursery are in some 
species fashioned by the male, in others 
by the female, the parents using their hands 
and feet to press the mud into position and 
smooth the inner sides of the barricade. 

Most remarkable is the manner in which 
the father of a little South American frog 
carries the eggs, which it swallows, in a 
seasonal enlargement of its vocal sac. The 
eggs are placed in the sac as soon as laid. 


MALE PARENTAL CARE 

A male waier-hia; canie.s raiiml the eggs which have been deposited on his back by the female 
after mating. In thi\ wav they are protected from other animals which might eat them. 





STICKLh;B\Ck (JUARDING l AMIl'i 

The tiKile slickU'htick is the more m iive partner in the family life. He hnihh the ne\l. t are\ 
for the tlevelopina eyas and shepherds the yonnf{ ones until they can fend for ihemselye.s. 


by the male parent, who pushes them into 
his mouth with his hands. Nearly the whole 
of the development takes plaw in this 
strange retreat, the tadpoles’ tails becoming 
absorbed before the infant frogs are 
allowed out into the world. 

Midwife Toad 

Another amphibian nursing father is the 
Turopcan midwife toad. Pairing takes 
place on land, when some fifty eggs arc 
laid in a rosary-like string. Whilst they are 
being expelled, the male thrusts his legs 
t hrough the egg-mass and the st ri ngs become 
entwined round his legs. Encumbered with 
his burden, he retires to some underground 
retreat, from which he ventures forth at 
night to take a hip-bath, with the object of 
moistening the eggs. At the end of four or 
five weeks, the larvae are ready to hatch 
and the father takes to the water, where the 
family is released in the form of large 
tadpoles in an advanced stage of develop- 
ment. 

A Brazilian frog spawns in shallow pools 
or puddles, which rapidly evaporate. When 
these dry up, the tadpoles are transported 
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to some other shallow pool, clinging to 
their father's back by their sucker-lips In 
the course of their dexelopmcni. the larvae 
may visit several pools and enjoy a pro- 
tracted tour. A frog found in the Sevchelles 
likewise carries its tadpoles on its back. In 
the case of this creature, the larvae cling 
to their parent by means of their adhesive 
bellies; they are not released in water, 
but undergo their entire metamorphosis 
attached to their mother. 

A very queer nursery is that of the pipa 
or Surinam toad. The eggv. up to about 
one hundred in number, are pressed by the 
male from the long extensible oviduct into 
the back of the female, where they sink 
into the skin, which during the breeding 
season becomes spongy and yielding. The 
cavities so formed become covered after 
a few days with a horny lid — a drumhead 
of skin— each egg lying within a separate 
cell. About three months later, the young 
lift up the lids and emerge as perfectly 
formed little toads, having spent their 
entire tadpolehood in holes on the maternal 
back. 

Parental care is practised even among 



FOX CUBS AT PLAY 

y/xens produce only one litter a year, usually of four or five cubs, which are born in the 
spriiiff. The cubs are blind for about ten days after birth, but by the autumn they are able 
to shift for themselves : they become adult when about a year old. Their mother does not 
pay much attention to them, but leaves food at a distance for them to pick up for themselves. 


the invertebrates. Many crustaceans carry 
their eggs about with them attached to the 
under-surface of the tail, whilst some 
bristle-worms carry them stuck to their 
bodies. 

Nursing fathers are represented among 
the lowly. Thus, the males of certain 
sea-spiders burden themselves with egg- 
bundles abandoned by the females and are 
provided with a special pair of appendages 
with which to carry them. A British star- 
fish, and the mollusc known as the China- 
man’s hat limpet, sit over their eggs until 
the young hatch out. The female octopus is 
a devoted mother, for. throughout the 
month-long incubatory period of her eggs 
she sits by them, encircling them with her 
tentacles, whilst her syphon pipe, turning 
first to one side and then the other, passes a 
constant stream of fresh water over them. 

Growth and Age 

Plants grow throughout their lives, their 
growth being restricted by merely seasonal 
conditions. Some of the lower animals 
likewise increase in size from the day they 
are brought into the world to the day they 
die. there being no definite limit to their 
growth. In many creatures, the rate of 
growth depends upon the individual food 


supply and environment. Age in fish, foi 
instance, is not by any means compatible 
’with size, a pike weighing thirty pounds 
being not necessarily older than one less 
than half that weight. 

In land animals, the weight of the body 
is correlated with the carrying capacity of 
the legs. The larger and heavier the body 
becomes, the stronger must be its support- 
ing limbs, and for this reason Gulliver’s 
giants were physical impossibilities. A 
scale enlargement of a man forty feet high 
would collapse, since the legs would snap 
under the body bulk. Terrestrial animals 
can never hope to attain the dimensions of 
those inhabiting aquatic conditions, and 
consequently the champion heavyweights 
of the various branches of the animal 
kingdom, with the exception of the birds, 
are all aquatic. They are: mammals— the 
whale, one hundred and fifty tons; fish— 
the whale-shark, four tons; reptiles— the 
crocodile, one and a half tons; molluscs— 
the giant squid, three tons; crustaceans— 
the giant Japanese spider crab, fifty 
pounds. 

No terrestrial creature has exceeded the 
elephant in size (five tons), if we except the 
vast dinosaurs, which, like other monsters 
of the past, came to an untimely end. The 



SIZE IN RELATION TO AGE 2 '^^ 

corilla the largest of the man-like apes. Haldane has pointed out. ' an iiiNCCt going 
may attain a weight of over forty stone. A for a drink is in as great a danger a man 
specimen which lived from 1928 to 1935 in leaning out over a precipice in search ot 
the Berlin Zoo weighed, on arrival, when food.” 

about two years old, thirty pounds. Its Although amongst many animals there 
weight increased year by year until death, is a relation between longevity and size, 

when it weighed no less than five hundred such relationship does not always apply, 

and eighty-four pounds. Weight has for- Thus, man may live to be over a century, 

tunately dictated the limitations of a whilst the gorilla, which attains a much 

creature as regards the mastery of the air. larger size, seldom survl\es a third of that 

the heaviest flying birds— swans and vul- period. The only creatures known definitely 

mres— weighing well under twenty pounds, to outlive man arc the giant tortoises of the 

No insects attain to any great weight, islands of Aldubra. near Madagascar, and 

being very light in proportion to their bulk. Galapagos, olY the cost of Ecuador, and 

Eighty thousand fleas, for example, go to possibly the eagles and vultures. Some ol 

the ounce and the relatively heavy queen the largest tortoises have histories dating 
bee weighs less than a gram. back over two hundred years. Longevity 

The disadvantages suffered by these records have been collected by various 

light-weights are many. Thus, most insects authorities, whose findings, in the Ciise of 

are unable to drink in the accepted manner the mammals, are as follows 

and obtain their moisture by sipping from Man, one hundred and ten years; 

damp surfaces. Water in bulk is a barrier elephant, eighty years: rhinoceros, forty- 
to them since, should an insect become wet five years: hippopotamus and horse forty 
whilst attempting to drink, it would be years: bear, ape and girafle, thirty-five 
handicapped by having to lift many times years. 

its own weight. As Professor J. B. S. Large animals tend to mature more 

NATURE MAKES PROVISION 

A young mammal is dependent on its mother's milk until it can fend for itself. Milk 
contains most of the food factors which an animal needs. Here we see a .vuiv feeding 
her young Domesticated pigs produce an average of eight to ten pigs in a litter. 



PINK SNAKl WITH HER EGOS 
'tuiiiff itv of snakes hn ahhoir^h some smh as the aihler are viyip 

alive. Reptiles a j^enertil ntle show little solicitude for tin 

snakes leave their c'^^s to he hutched out hv the sun. f few. hoaeve/, < 
id the et^Qs and keep them warm in much the same wav as a bird imu 





LONGEVITY OK BIRDS 


slowly than small ones. An elephant, lor 
example, is incapable of breeding before 
it is about twenty years old. But. again, 
there are exceptions, of which the whale is 
probably the most outstanding one. The 
span of life of a whale is believed to be 
comparatively lengthy, yet the largest 
species, measuring over one hundred feet 
in length, are capable of reproducing their 
kind when under three years of age. At 
birth, the baby whale is more than one 
quarter the size of its mother. 

Many birds attain considerable ages. 
Some of the largest li\c longer than any 
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mammals, whilst man> quite small birds 
outlive such large beasts as apes, lions, 
tigers, bears, etc. The record is held by the 
Egyptian vulture, which has been known 
to live for one hundred and e.ghieen years. 
A c.inarv mav live to iweniv vears and the 
nightingale and skylark for a few years 
longer. 

The fact that the cassowary does not 
live nearly as long as a parrot, raven or 
gull, and that its potential longevity is on 
a par with that of the nightingale and 
skylark, shows that in birds there is cer- 
tainly no relation between size and age. 


Test Yourself 

1. Can you explain why higher organisms usually arc less prolific than 
lower organisms? 

2. Why would you describe the axolotl as the Peter Pan of the animal 
world? 

3. How docs the shelled egg mark an important forward step in evolution? 

4. What are the advantages of parental care and what relationship has 
child welfare to the size of family? 

5. Can you mention any instances in which the male assumes the diiiics 
of looking after the young? 

6. Can you suggest why parental care among some fish and many am- 
phibians reaches such a high standard? 

7. Explain why the giants in Gulliver’s Travels were a physical impossibility, 

8. Why should large animals tend to mature more slowly than small one.s? 

/4/MM’t'n will be fouiiil at the end of the hook. 




CHARLES ROBERT DARWIN 

Famous e.xponem oj evolution. His hook " On the Origin of Species." published in November 
1859 , aroused a storm of controversy and haj violently attacked on religious grounds. 
Scientists, however, accepted most of Darwin's conceptions, although some of his beliefs 

have been challenged since his day. 


i 


CHAPTER XIV 


DARWINISM TODAY 


C HARLES DARWIN'S great contributions 
to biology are twofold. He was the 
first to make .evolution (the doctrine ol 
descent with modification) seem really 
probable: and he produced a theory of its 
mechanism. These two contributions are 
often confused. Indeed it is not always easy 
to keep them clearly separated when read- 
ing the Origin of Species. And it is most 
important to remember that they are not 
mutually independent. Few would now deny 
that evolution has taken place: but very 
many people have criticized his theory of its 
mechanism, so much so that others have 
jumped to the conclusion that “Darwinism 
is d^d.’’ It is not dead: but it has changed 
in growing up. 

TTie idea of evolution is now generally 
accepted: the opposite view, that of the 
fixity of species, is not maintained by any 
scientist. We are all familiar with the notion 
that all mammals are the more or less 
specialized descendants of a much less 
speci^ized ancestral stock. And, with the 
great progress that has been made in 
palaeontology, it is possible to show a fairly 
completechah of forms linking the primitive 
mammals with one group of extinct rep- 
tiles. Similarly, the birds can be linked with 
another quite different group of reptiles, to 
which the modern snakes and lizards are 
related. But there is some difficulty in link- 
ing the Vertebrates as a whole to any other 
great group of animals, and some inverte- 
brates are almost completely isolated. And 
it was not possible until recently to show 
transitional forms between species, such as 
the doctrine of continuous descent requires. 

Darwin’s Argument 

Briefly, Darwin’s argument was this. 
There is in the world only a certain amount 
of food for any sort of animal. But animals 
breed and produce many more, al I requiring 
food. They will come into competition with 
each other for the available food, whether 
plant or animal, and they will be preyed 
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upon by other animals. But the individuals 
of any species of animal vary just as in- 
dividual men do. Then if one particular 
animal has some adsamage because of its 
particular set of \ariaiions it will be more 
successful than others of its kind, and in the 
long run will produce more olVspnng, the 
others perhaps being killed outright by 
starvation or by their enemies. In this way. 
a generalized stock might split up into 
several lines, each one specialized in a par- 
ticular way and so more efficient for its par - 
ticular mode of life. 

There are three points in this argument, 
firstly that there is competition — a struggle 
for existence, secondly that animals vary, 
and thirdly, as a result of these two, that 
natural selection will take place. Darwin 
considered that as a result, over very long 
periods of time, sufiicient change could be 
produced to account for the amazing diver- 
sity of living creatures. And the intensity of 
competition, the enormous pressure of 
natural selection, would explain the mar- 
vellous adaptations of so many animals to 
particular modes of life. 

Darwin’s ideas on variation and heredity 
were those of his time. He collected an 
immense amount of information on varia- 
tion in both wild and domesticated animals. 

• 

and concluded that all animals vary in a 
more or less continuous way. Tallness in 
men is an example of a continuous charac- 
ter. Very tall and very short men arc the 
extremes of a continuous series, and there 
is little or no possibility of sorting men out 
into definite and separate classes by their 
height. But in man and many other animals 
it occasionally happens that an albino in- 
dividual is found with no pigment in its 
skin and eyes. Therefore it is possible to 
place any man into one of two classes with 
respect to skin pigment— cither he has 
some, or none. Such large diflerences, 
which appear suddenly, are known as sports 
or mutations, and Darwin considered that 
even when advantageous they would be 
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suampecl by crossing with normal indisi- 
diials. so that the continuous \ariations 
were the important ones for evolution. 
Further, new breeds of domesticated ani- 
mals «erc obtained through deliberate 
selection b> the breeders, by gradual im- 
prcnemcni to suit their ideas, 

It IS obviously necessary for any particu- 
lar character to be inheritable if its advan- 
tageous cflcct is to be continued in the next 
generation and it is to become a general 
character of that particular stock. In 
Darwin's day the methods of inheritance 
had not been studied successfully to any 
great extent, and it was not until Mendel's 
work had been rediscovered and amplified 
that there was any theory of heredity based 
on experiment. The science of genetics is 
the subject of another chapter in this 
Nolume.'and there is no need for repetition 
here, but its implications forevolution are 
most important and will be discussed. 
Later. Darwin produced a theory of hered- 
ity. which was not adequate, and since it 
has never been of great importance it need 
rot be considered. 

bxplaining Relationships 

The idea of evolution was immediatelv 
and successfully applied in explaining the 
relationship of all sorts of structures in 
ditVerent organisms. It implies that modifi- 
cation is correlated with some definite 
adxantago. and the biologist should try to 
find w hat it is. And by the theory of evolu- 
tion the possession by various organisms 
of the same fundamental plan of organiza- 
tion meant that they were all descended 
from some common ancestor. As a con- 
sequence. classilicatory systems became for 
the fir«t time summaries of family trees. 
With the steady progress made in paleon- 
tology, some very complete lines of descent, 
often with very complex side branches, were 
described, of which the most famous are 
those of the horses and of the elephants, 
though there are others almost as complete. 
When an animal is exceedingly modified, 
the discovers' of its relationship with others 
may be very difficult especially when, as is 
often the case, there are no fossils to help. 

Frequently, very important evidence can 
be obtained' from the way in which the 


animal develops. It is not true to say that 
in development we recapitulate earlier 
stages in the history of the race; but it is true 
that in general two related animals resemble 
each other more in their anatomy when 
embryos than when adults. Some remark- 
able parasites on crabs which are little more 
than tumours when adult start life as larsa; 
with very strong resemblances to the larvs 
of crabs and lobsters and other crustaceans; 
they are in fact forms of barnacle but very 
highly modified, and so arc closely related 
to crabs and lobsters. 

Common Ancestors 

It is now considered that the primitive 
stock from which sprang the pigs, the 
camels, and the highly specialized cattle, 
antelopes, deer, and giraffes, was closely 
related to the primitive stock which gave rise 
eventually to the carnivores. In lhcsc. forms 
like the civets, mongoose, and others seem 
to have produced the hyenas and the great 
cats; forms like the weasels, stoats, skunk 
and badger are near the base of the dog, 
raccoon and panda, and bear lines; and 
similar but extinct forms are now repre- 
sented by the seals, sea-lions, and walrus. 
But the horse, together with asses and 
zebras, is the living representative of a very 
long line, including the ancestors of the 
rhinoceros and tapirs (and several side 
branches now extinct), which goes back to 
a quite different primitive stock from that 
of the cattle and of the carnivores. Con- 
sequently, it appears from the fossil evidence 
that a COW' is rather more closely allied to a 
lion than it is to a horse. The characters 
which a horse has in common with a cow 
and in contrast to other animals such as a 
bat . an anlcater. or a lion, must be explained 
as adaptations to a particular mode of life. 
Both horse and cow- arc large and highly 
specialized grazing animals, so they have 
many features in common. But these are 
due to convergence, not to community of 
descent. The fundamental plan is different. 

To take another example, a whale and a 
shark have very many similarities simply 
because they both live in water, and an 
animal that needs to move rapidly through 
water must, by the laws of hydrodynamics, 
approximate to the typical fish shape. But 






SIM I 1S()L\II()\ 

ifi loiCMs ifi South ami Cential AnwfiiO ami MoL 

Ic (hcif wiccsiors, u'Au7i ncrca/so ptohahh 

^voki cofupeiitiou with other iirazia'^ ofiinutis whiih 


FLESH-EATING DINOSAURS 
Allo.'.aiiriis J'ra^ilis was an Minerican aianl 
repliU' of the Cretaceous period. In this 
picture, based on fossil remains. »■£' see one 
usin^ its powerful teeth to tear its prc\ 

a siudy of their anatomy and mode of 
reproduction shows, as Aristotle saw clearlv 
over two thousand years ago. that a whale 
IS a mammal, and a shark Is a fish. 

Perhaps one of the most surprising rela- 
tionships has been discovered since Dar- 
win's time, and links the vertebrates with 
the starfish, sea-urchin and sca-Iily group, 
the Echinoderms. The larvte of the most 
primitive members of the group of Chor- 
dates, of which the vertebrates are the major 
part, bear a distinct resemblance to Echino- 
derm larva' and, further, the Chordates and 
adult Echinoderms both have an internal 
skeleton, not an external one as have the 
insects, spiders, and crustaceans. 

The vertebrates have been particularly 
well studied because a great deal of their 
fossil history is known. It has become 
apparent that in the course of their evolu- 
tion there has been on certain occasions an 
improvement in the body construction. 
Following upon this, there has been a sort 
of explosive radiation, a comparatively 
rapid production of all sorts of species all 
incorporating the improvement, and all 
specializing in different ways. Thus, when 
the first reptiles appeared there was a 
notable advance in that they were no longer 
tied to the water. Their eggs need not be 
laid in a pond for the tadpoles to develop. 
They could be laid on dry land, and de- 
velopment went on inside the egg, in a sort 
of private pond, safe from enemies. 

Life Invades the Land 

Thereupon, a great exploitation of the 
land began. Herbivores were produced; 
carnivores developed to feed on them. Some 
became arboreal, others invaded the water 
again and competed successfully with the 
fishes. Almost every way in which food 
could be got was utilized. There were forms 
that stole the eggs of the larger animals, 
and gliding and flying forms, the ptero- 
dactyls. When the great reptiles dis- 
appeared and the mammals became abun- 





dant, there was again an advance, the 
mammals having more highly organized 
brains and warm blood (giving them much 
greater independence of temperature) and 
much more efficient protection for the 
young. And very soon there were lines 
which paralleled to a great extent the rep- 
tilian lines. There were forms that flew 
(the bats), gnawing forms, herbivores of all 
sizes, carnivores to feed on them, aquatic 
forms, and so on. A most remarkable 
parallel can be drawn between the adaptive 
radiation of the early marsupials in Aus- 
tralia and the later true mammals else- 
where. The wombat parallels the bigger 
rodents, the Tasmanian cat, the true cals, 
and the Tasmanian wolf is most amazingly 
like a true dog or wolf, while some of the 
smaller forms resemble squirrels and other 
rodents. There was also a marsupial lion, 
now extinct, which paralleled the true lions. 
It is as though there is a definite number of 
ways of getting a living in the world, and 
as soon as an advance is made, the new 
forms begin to produce lines, specialized 
for each particular way, that in lime drive 
out the older types. 

In studying a particular animal, then, its 
general plan is investigated, and this allows 



It to be placed in one of the large groups. 
The difiorences between it and other 
members must then be examined and the 
reason for them discovered. 

On the Darwinian theory all such differ- 
ences should be adaptive in some way. 
For example, the hippopotamus, by the 
structure of its feet and skull, is built on 
much the same plan as the pigs and 
peccaries, but it is well adapted for an 
aquatic life. The giraffe is an enormously 
tall deer, adapted for browsing on trees. 
The okapi, which was discovered at the 
beginning of this century, provides a con- 
necting link, and others are known as 
fossils. 

This raises an important point. The 
transitional forms between two species re- 
lated by descent must have been able to 
exist. But oddly enough, in some cases, 
there is great difficulty in specifying the 
characteristics of the link. For example, it 
is difficult to connect up birds with their 
reptile ancestors functionally. How can a 
half-developed wing be of any use, and if it 
is of no use, how can it have been retained 
and developed into a complete and satis- 
factory wing? There are two schools of 
thought, one maintaining that the imme- 


diate ancestor was a bipedal running form 
which flapped its arms. With the extension 
of the armscales into feathers, it became 
airborne by flapping flight. The other 
school maintains that the immediate an- 
cestor was arboreal, and leaped from 
branch to branch. With an increase in area 
due to the development of feathers, it was 
enabled to glide, much as the flying squirrels 
and flying lemurs do today, and advanced 
to flapping flight later. 

Distribution of Animals 

The idea of evolution was also success- 
fully employed to explain the extremely odd 
facts of animal distribution. Alfred Russel 
Wallace, who arrived at ideas of natural 
selection at the same time as Darxvin, 
though independently, was one of the 
pioneers here. He remarks at the beginning 
of his famous book on Island Life, that 
there is less difference between the animals 
of England and Japan than there is between 
those of the islands of Bali and Lombok, 
only fifteen miles apart, one of which 
belongs faunistically to the Malayan region, 
the other to the Australasian. Similarly, 
there are enormous differences in the fossil 
and in the living fauna, between North and 



LONG-NECKED LEAK EATER 
According lo iMniarck. the giraffes neck 
beciune elongated through generations of 
reaching upward for leaves of trees. 


Souih America, far greater than the differ- 
ences between North America and Europe. 
The junction of South America to. North 
America is, geologically speaking, quite 
recent; the separation of North America 
from Siberia is also recent. Wallace, and 
Danvin and others, studied the islands of 
the world and showed that the longer an 
island had been isolated, and the more 
isolated it was. the greater was the number 
of species and varieties peculiar to it. Excep- 
tions were provided by certain islands that 
had been produced in isolation by volcanic 
or other origin, and were not well colonized; 
but these were few, 

Britain is an example of a continental 
island. It has been separated from the main- 
land of Europe very recently and contains 
a sample of the European fauna and flora, 
greatly impoverished by man’s activities, 
but constantly replenished by immigration. 
Australia, on the other hand, has been 
separated from the Malayan region for a 
long time, during which its marsupials 
have evolved along many different lines, 
free from invasion by the true mammals. 
Primitive marsupials, the opossums, found 
living in North and South America, and 
fossil in Europe, had a wide distribution, 
and entered both Australia and South 
America before they separated off. In 
South .America they gave rise lo large 
carnivores, but later there was a Junction 
with North America and true mammals 
entered, whereupon the marsupials except 
the opossums became extinct. The radiation 
in Australia has already been mentioned. 

Animal Coloration 

The ideas of the struggle for existence and 
natural selection provided a means for in- 
vestigating the coloration of animals. Some 
animals are very well camouflaged in their 
natural slate, others are remarkably notice- 
able. The squirrel provides an example of 
camouflage, and has habits of conceal- 
ment. but the brilliant black and white of 
the skunk draws attention to its presence. 
Many insects are conspicuous, others simu- 
late leaves, thorns, or bark, and some 
mimic other insects and live among them. 
It was suggested that concealing coloration 
helped animals to avoid their enemies. 




HELODERM LIZARD 

Also known os a Gila monster. The warning coloration is very striking and consists of 
bright orange or ted blotches on a blackish or purplish background. This lizard has poison 

fangs in the lower jaw and is very vicious when roused. 


Brilliant coloration on the other hand was 
more likely to be a characteristic of animals 
that are nauseous to the taste, or very 
tough, or capable of biting or stinging. 
Such animals would gain by their con- 
spicuousness since it served to warn off 
possible prcdiitors. Yet other species, them- 
selves tasty and harmless, but near in 
coloration to the tough and nasty, survived 
by deceiving their predators into believing 
that they also were nauseous or bellicose. 

Some interesting series of forms were 
described in which all the species had much 
the same warning coloration and mimicked 
each other. They clubbed together, as it 
were, to give the same danger signal, so 
that the predator, having learnt once by 
experience that a red and black banded 
insect, for example, was not good to eat 
would tend to avoid all insects with this 
coloration. This type of mimicry is called 
Mullerian in distinction from the other or 
Batesian. 

But some colours and organs do not 
api^r to be explicable in this way. The 
majority of these are ornaments or weapons 
peculiar to one sex of a species, such as 
the magnificent plumage of many male 
bu-ds, and the horns of stags. Darwin 
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explained these by a theory of sexual 
selection. 

He supposed that males would compete 
for females, and those males with greater 
strength, better weapons, or more striking 
adornments would be more successful. 
Where competition is intense, the orna- 
ments or weapons might be developed to 
such a degree that they were almost detri- 
mental to the animal except in courting. 

But in spite of the many successes of the 
doctrine of natural selection, there were 
serious objections to it in principle as well 
as in detail. For forty years after the publi- 
cation of the Origin of Species there was 
little criticism, and an immense amount of 
solid and lasting work was done in com- 
parative anatomy and embryology, the 
elucidation of true relationships, the devel- 
opment of classifications, and the closer 
observation of the behaviour of animals in 
their natural state. The achiesements over- 
shadowed the criticisms. But several biolo- 
gists were very dissatisfied with the idea 
that evolution proceeds by minute and con- 
tinuous variations. With the rediscovery 
of Mendel's work, the science of genetics 
came into being and the greatest weakness 
of the Darwinian theory became obvious. 
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CONNECTING LINK 

The archaeopteryx, or lizard-bird, forms an interesting link between the reptiles and true 
birds. It retained many reptilian characteristics including teeth and wing claws. Above is a 

reconstruction of the bird from the evidence of fossils. 


There was a general revival and strengthen- 
ing of all the criticisms which had been 
made, and many biologists repudiated Dar- 
winism (but not, of course, the doctrine of 
evolution) on the grounds that evolution is 
in fact not by continuous variation, but by 
definite and discontinuous steps (muta- 
tions). Some very influential leaders of 
public opinion thereupon raised the cry 
(prematurely) that Darwinism was dead. 

Objections to Darwinism 
There were four principal objections to 
Darwinism: 

1 . The doctrine of the survival of the 
fittest, it was said, simply means that 
those that survive do survive. It explains 
nothing, because natural selection, if it 
acts, does not select; it is a passive, not 
an active agency. The outcome of the 
theory simply is that animals are as they 
are, and we know that already. 

2. It was pointed out that we have no 
evidence whatever of intermediate forms 


between species today. A lion is a lion, 
and a tiger is a tiger. TTiey are very closely 
related yet they normally never inter- 
breed. There are no intermediates known 
between rooks and ravens yet they are 
very closely related too. But if evolution 
is going on today by modification of 
species, some intermediates should exist. 
In short, there is no evidence of the forma- 
tion of new species or even an incipient 
sterility between varieties, which might 
indicate the beginning of species-forma- 
tion. 

3. The rarity of connecting links be- 
tween the major groups of animals is 
most striking. The lizard-bird Archaeop- 
teryx forms a beautiful intermediate 
between reptiles and true birds, but it is 
a very isolated example. There are very 
few definitely transitional forms known. 

4. The work of various scientists, par- 
ticularly Mendel, showed that sports or 
mutations were not swamped as Darwin 
thought, but were of extreme importance 



ACQUIRED CHARACTERS VERSUS NATURAL SELECTION 


in the (ormation of new species, and the 
mechanisms of heredity that he had 
suggested were incorrect. 

The answers to all these criticisms were 
found in considering the fourth. The devel- 
opment of genetics brought about a remark- 
able unification of biology. Whereas before, 
the sub-sciences of ecology, palceontology. 
embryology, comparative anatomy, and 
physiology went on more or less indepen- 
dently of one another, the connexions 
between them now became apparent and 
all were essential to the study of evolution. 

Danvin believed that characters could 
vary in a random way. and that they could 
be acquired, but all were acted on by 
natural selection. The idea of acquired 
characters is very important and is con- 
stantly being used to support this or that 
theory. It was first expounded by the great 
French biologist Lamarck and, in brief, his 
doctrine was that since use tends to 
strengthen an organ, if an animal strives to 
achieve some particular end it will improve 
the organs involved, as will its ofTspring. In 
consequence we can imagine that the neck 
a'nd legs of a deer-like animal that took to 
eating leaves of trees, perhaps in times of 
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scarcity, might be gradually elongated until 
after many generations a giralTc-like crea- 
ture was produced. This theory assumes 
that the improvement made in one genera- 
tion will pass into the hereditary endow- 
ment of the next. The Darwinian theory 
would be that in times of some scarcity the 
taller deer-like animals would have an 
advantage over the shorter, their offspring 
would be rather more numerous, and if the 
tallness were hereditary, they would have 
it. Of this generation again the tallest would 
be more successful, and so the strain would 
be gradually improved. There is obviously 
no need to suppose that the food shortage 
was so great that only the adults with 
very long necks could get enough to eat. as 
some critics have done. Over several 
generations a quite small advantage could 
have a noticeable effect. 

It will be seen that Lamarckism and 
Darwinism are not incompatible. But the 
results of genetics reduce Lamarckism to a 
factor of very little or no importance in 
heredity. As we have seen in Chapter XII, 
inheritance is by the genes, which reside in 
the nuclei of the germ-cells. Variations are 
brought about either by rare and unpre- 


NAKED-NOSED WOMBATS 

The marsupials of Australasia have developed on lines remarkably parallel with those of 
the Old World mammals. The wombat with its chiseldike incisors, parallels the larger 

rodents. This particular type is a native of Tasmania. 
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dictabic changes in the genes themselves, 
or more Trcqucntly by their shufUing and 
recombination during sexual reproduction. 
Suppose that men alwavs have red hair and 
\somen black. Cases of such a linkage of 
various characters arc very well known. 
Then, as far as these signs go. there are 
only two sorts of mankind possible, red- 
haired men and black -haired women. But 
if shuflling of the genes is possible then in 
any generation some of the paternal in- 
heritance may he interchanged with some 
of the maternal, so that some red-haired 
women and black-haired men would be 
produced. The species is now more variable, 
and therefore has a better chance of meet- 
ing the demands of natural selection. The 
whole biological significance of sexual re- 
production seems to be that, during it. 
recombination of genes takes place, and the 
variability of the species is greatly increased. 

Now, tlicre is a very great deal of evidence 
that the heredity of any organism is con- 
trolled almost entirely by its genes. And 
there is no evidence whatever, or only of 
the most doubtful kind, that changes pro- 



duced from the outside, as it wtn can 
affect the genes at all. It seems that the con- 
trol is entirely one way. The genes control 
the body, and not vice versa. Consequently 
we must now regard the action of natural 
selection as a weeding-out of certain dis- 
advantageous gene combinations or gene 
complexes. 

It is known that the genes of any one 
individual arc not completely separate and 
determinate entities, one controlling hair 
colour, another the number of digits per 
hand or foot, a third the shape of the ear- 
lobes. a fourth the correct formation of the 
skull during development, and so on. There 
is a mutual interaction going on which 
may be very slight or very profound. It may 
make no difference whether one particular 
gene (say for a paper-thin shell in a snail) 
meets in the same gene complex or geno- 
type another particular gene (say for no 
bands on the shell instead of five), or, on 
the other hand, the resulting interaction 
may be so great that the effects are unpre- 
dictable. 

There may be suppression, reduction, 
enhancement, or alteration of the charac- 
ter. Since many, perhaps all. genes each 
control many characters throughout the 
body, the possibilities which may result 
from a mutation of one gene may be very 
great. On the other hand, of course, there 
must be a reasonable amount of constancy, 
otherwise the genotype is at the mercy of 
every new mutation. 

When an individual carrying a new gene 
mates with another, the novelty will be 
found in some of the offspring in associa- 
tion with genes derived from the second 
parent. During a few generations it will be 
tried out, as it were, in various differing 
genotypes, and since it will be modified by 
them in different ways, selection will favour 
those modifications of it that are most 
advantageous. 

In this way, useful genes will be selected 
in particular genotypes in which they 

AVOIDING DETECTION 
The bittern, when alarmed, stands abso- 
lutely still with head raised. Its colour 
blends with the reeds and helps to make it 
invisible to its enemies. 
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can make ihcmsclscs felt 
even in a single dose. That 
is, they will he dominant. 

And unfavourable ones 
will be allowed to con- 
tinue only in genotypes 
in which their actions arc 
nearly or wholly suppres- 
sed. That is. they will be 
recessive and can show 
themselves only when 
present in a double dose, 
the corresponding dom- 
inant then being absent 
since there can bo only 
two versions of any par- 
ticular gene in one geno- 
type. When an animal with 
two doses of the recessive 
(homozygous for it) is 
produced, it will be at a 
great disadvantage. But 
in any interbreeding population, large 
numbers of individuals may carry one dose 
only of a recessive gene (that is, they arc 
heterozygous for it) and show no ill effect; 
and there is always the possibility that other 
genes may modify it usefully, or external 
circumstances w ill change and there will be 
some advantage in it, in which case the 
homozygous individuals will enjoy the 
advantage first. 

Now we can see a most important con- 
nexion between genetics, the study of hered- 
ity. and ecology, the study of the relation- 
ships between the species in their struggle 
for life. When new mutations occur, they 
will be spread most rapidly in a small 
population, in which there will be a high 
probability of homozygotes being produced. 
In a very large population, the likelihood 
that two hctcrozygoies will meet may be 
very small; but since there are far more 
animals in which mutations can occur, the 
members are likely to be heterozygous for 


many dilfcrent genes. That is. the sort of 
genetic constitution an animal has depends 
very much on the size of the brooding popu- 
lation into which it was born. Now the 
numbers of a particular sort of animal may 
fluctuate widely because of disease, a sud- 
den increase of predators, change of clima- 
tic conditions, or various other reasons, and 
the study of these variations is part of 
ecology. It is believed that small popula- 
tions may be able to change much more 
rapidly than large ones, which however, 
can modify themselves for a particular mode 
of life more accurately and finely. 

We have now possible answers to the 
first and fourth criticisms of Darwinism. 
The answer to the fourth is simply that it 
is right, and Darwin's theories of heredity 
were wrong, which means that we must 
modify our ideas on natural selection, but 
not abandon them completely. The answer 
to the first criticism is that natural selection 
is a passive agency, and variations are in- 
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deed spontaneous and random; but the 
action of the tvvo together produces direc- 
tion. A new mutation appears in a way 
about which we know almost nothing except 
that its frequency can be raised by irradia- 
tion with X-rays. heat. etc. The effect of 
natural selection is to stabilize it in that 
gcnot>pc where it is of the greatest use. 
Natural selection has what might be called 
a sharp>enmg effect upon changes, favour- 
ing and enhancing as well as discouraging 
and deleting, and allowing a reservoir of 
variation to remain within the race at the 
expense of producing a few unfortunates in 
each generation. 

It is also possible that we have a replv to 
the third criticism— the rarity of connecting 
links between major groups. There are 
three parts to this reply, depending on what 
one considers a major group. The first is 
aimed against those people who maintain 
(particularly with respect to man) that the 
reason why the links are missing is that they 
were never there. It was given by Charles 
Kingsley in The Water Babies. "And no 
one has a right to say that no water-babies 
exist, until they have seen no water-babies 
existing; which is quite a different thing, 
mind, from not seeing water-babies; and a 
thing which nobody ever did. or perhaps 
ever will do." And. later on. "You must 


not say that this cannot be, or that that is 
contrary to nature. You do not know what 
nature is, or what she can do; and nobody 
knows . . That is a very rash dangerous 
word, that ‘cannot"; and if people use it too 
often, the Queen of all the Fairies, who 
makes the clouds thunder and the fleas bite, 
and takes just as much trouble about one 
as about the other, is apt to astonish them 
suddenly by showing them, that though 
they say she cannot, yet she can, and what 
is more, will, whether they approve or not." 

The second answer is well known, and 
fairly generally admitted. It is a reminder 
of the imperfections of the fossil record. 
Only animals whose hard parts were buried 
in mud. silt or dust are at all common as 
fossils. Except in very rare instances we 
have no knowledge at all of the very im- 
portant evolution of the worms, which 
appear to have been ancestral to the 
Arthropods on the one hand and the 
Molluscs on the other, that is, to the greater 
pan of the animal kingdom. And worse, 
in the earliest rocks which contain fossils 
we find remains of animals which are refer- 
able to relatively highly developed groups 
in the animal kingdom. The very early sedi- 
mentary rocks which were laid down while 
they were evolving, are lost, and those that 
we have contain at the best only the history 


LINK WITH THE PAST 

The iiniiai a lizard is the last remaining representative of a group of reptiles long extinct. 

It is found in Vcm- Zealand and is strictly protected. 
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ONE OF NATURE’S CURIOSITIES 

The ethUltui. a spiny ani-eaier, is another apparent freak, being one oj only two egg-laying 
niammnh. It has a pouch in which the eggs ore laid and the young reared. 


of the last quarter of evolutionary progress, 
if that. The only great group in which we 
have a reasonably complete set of fossil 
forms is that of the Vertebrates. It is hardly 
surprising that the history of the more 
ancient groups is not to hand. But it is true 
_ that there are many points in vertebrate 
’ history where links are unknown, but 
might reasonably be expected. The link 
required to connect across the very small 
gap between primitive mammals and their 
reptile ancestors is unknown, but in general 
one often meets lines of specialized forms, 
all obviously converging backwards in 
time, but the species required to join them 
all. the exactly ancestral stock, is not 
known. 

This brings us to the third answer, which 
is, as mentioned above, that it is at least 
possible that small populations can alter 
throughout much more rapidly than large 
ones, in response to changing conditions. 
That means that it is most unlikely that 
there ever were huge herds of the most 
primitive mammals or of other very primi- 
tive groups at any one time on the earth. 
If that were so, the chances of some of them 
becoming fossils and being preserved are 
greatly reduced, and might be negligible. 


This is only a tentative answer, but it is 
supported by experimental studies on small 
populations in the wild, and is open to 
further investigation. Perhaps one of the 
most promising developments in genetics is 
the recent application of mathematics, to 
determine under what conditions and with 
what rales genes having a particular advan- 
tage will spread through populations of a 
particular size. 

Various objections have been brought 
against the genes as material for evolution, 
and these must next be considered. It would 
be no good patching up the holes in one 
theory with another that is threadbare itself. 
The three principal objections to the 
governing power of mutations on evolution 
are on the score of their rarity, triviality, 
and frequent bad effect. It is found, in those 
animals and plants that have been most 
completely studied, that the rate of muta- 
tion varies but is always extremely low. 
One sport may occur in about a million 
normal individuals. Secondly, many known 
mutant genes contribute only slight effects 
to the organism as a whole, since they con- 
trol only small details of colour-pattern, or 
small anatomical differences in not very 
essential organs, or slightly different rates 
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of physiological processes. And thirdly, 

hen the effect of a mutation is not so slight 
as to he of little consequence, it is usually 
definitely deleterious to the organism. 

In man. the known genes when not afiect- 
ing eyc-colour or the shape of the ear lobes, 
produce various forms of blindness, hered- 
itary idiocy, malformations of the hands 
and feet, absence of limbs, and similar 
elTects. On the basis of these objections it 
has been stated at various times that the 
genes cannot provide sufficient useful varia- 
tion for evolution to take place, and that 
they arc concerned only with the most 
supcrlicial characters, the fundamental 
construction of the animal being inherited 
in some other way than through the 
chromosomes. 

The enormous amount of work that has 
been done in genetics in the last forty years 
does not support these conclusions. As we 
have seen above, the variation in any popu- 
lation is due far more to the recombina- 
tions of genes already existing than to their 
continual change by mutation. It is their 
assortment and interaction that provide 
most of the variability. The triviality of 
their effects is usually pointed out in con- 
nexion with some attempt to explain the 
greater part of heredity on some other basis 
than that of the chromosomes. It has been 


suggested that that part of the protoplasm 
surrounding the nucleus or cytoplasm of 
the germ cell carries those character- 
determinants responsible for the funda- 
mental organization of the animal or plant, 
and the nuclei are concerned only in its less 
fundamental characters, such as might 
determine its specific, generic or family 
differences. 

It is not possible to reject this view com- 
pletely because there is very good evidence 
that certain characters in some organisms 
are inherited through the cytoplasm and 
may vary to some extent independently of 
the nucleus. As an example, the plastids of 
plant cells, those bodies that contain the 
green synthesizing chlorophyll, are self- 
perpetuating. When on occasion they pro- 
duce yellow offspring in one cell these are 
found in all its daughter-cells. In some cases 
it is the cytoplasm of the egg which exerts 
a marked effect on the course of develop- 
ment, This is the case in a common fresh- 
water snail (Liiwiifa) in which the direction 
of coiling of the shell is so determined, 
though there is evidence that the nuclear 
genes of the mother do affect the cytoplasm. 
In other cases considerable cytoplasmic in- 
fluence has been proved, but one must re- 
member that if the trivial differences are 
due to genes, by the theory of evolution. 


MALE AND FEMALE IMPALA 

The buc k.', have larac /rrate horn':, which in the youni; males are hut little developed, 
while the females are hornless. This distinction is characteristic of most deer. 
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species-formation has started from the 
smaller differences, so greater dilTerences in 
the cytoplasm must come later. Also, any 
organism is an exceedingly delicately 
balanced system of a multitude of inter- 
locking chemical and physical processes. 
It is most unlikely that a sudden large 
random change would be anything but 
harmful. The chances of hitting a clock's 
works with a heavy hammer in such a 
way that its working is improved arc re- 
mote. to say the least. And it seems very 
likely that the principal reason why only 
the trivial effects of genes are usually ob- 
served is simply that any alteration in the 
more profound effects is lethal. 

Very many genes arc now known, but the 
number of cases in which non-genic inheri- 
tance can be shown is small in comparison. 
Some genes have been described in which 
a quite profound effect can be seen. These 
are principally concerned with the proper 
development of the organism. In one strain 
of mice, for example, a gene has been found 
which affects the cartilage-rudiments of the 
skull in the embryo. When it occurs the 
cartilage rudiments do not join as they 
should to form the skull-floor, and this dis- 
turbance affects not only the skull-shape, 
but the development of the fore brain, and 
the habits and disposition of the animal. 
It suffers from hereditary hydrocephaly 
(water on the brain) and in comparison 
with normal mice has much the appearance 
of an idiot. The changes here are sufficient 
to be called profound, though not so great 
as to be lethal. Several genes are known 
which are lethal when together in pairs, 
though not when they are single. One such 
causes a yellow coloration of the coat of 
the mouse possessing it. This seems innocu- 
ous enough, but the homozygous or paired 
condition is lethal, and individuals with it 
are never born. 

The generally bad effects of new muta- 
tions, then, need cause no surprise. Such 
mutations, unless bad enough to prevent 
the animal breeding, may be slowly spread 
in a population and by the modifying action 
of other genes be brought into a state of 
recessiveness. Man is a recent species, 
speaking in terms of geological time. He 
has been on this earth only about a million 


years or so. But in this time the actual num- 
bers of individuals and of generations arc 
quite high, even though breeding is slow.. 
It is perhaps not surprising, therefore, that 
almost all the mutations that have been 
recorded are recessives. Only a ver>' small 
proportion of dominants is known. The 
reason may be that the species as a whole is 
already partly accustomed to these muta- 
tions and has evolved in such a way that the 
gene combination of the race suppresses 
them when they appear. 

Darwin's Thcoiy 

What, then, is the basis for Darwin’s 
blending inheritance? It is that some 
characters are affected by so many genes 
(tallness is a case in point) that the effects 
of one particular gene can rarely be sorted 
out. The result is that the character is prac- 
tically continuous. When it is a character 
which is also influenced greatly by diet and 
similar factors, the possibilities in any one 
case are almost endless. And since there are 
so many genes concerned it is in the highest 
degree improbable that any individual will 
receive a predominantly paternal or pre- 
dominantly maternal make-up. It is far 
more likely that it will receive approximately 
half its height-controlling genes from each, 
and the net result will be intermediate. The 
same apparent continuity is visible when 
we study a long line of fossils. Quite often 
there is some difficulty in separating one 
species from anoiher and even more in 
separating genera. There appears to be a 
slow and steady trend of alteration in 
various characters at once, and divisions 
into species and genera may appear very 
artificial. Here we are viewing a succession 
of generations viewed for so long a time 
that the effect of any particular gene, al- 
though large and simple enough to avoid 
any appearance of continuity, is not large 
enough to be conspicuous when the long- 
term trends are being considered. But in 
one such case it has been possible to show 
that there are discontinuities in the appar- 
ently smooth change, though they arc only 
made clear by statistical analysis. This has 
been done in a study of the gradual evolu- 
tion of the feet of the horse, and the effect 
of a mutation that took place millions of 
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EXAMPLES OF SEX DIMORPHISM 

Male and female of some insects show striking differences. The female of the belted 
beauty moth (top left) is smaller than the male and has no wings. The other two pairs of 
butterflies show diversity of shape and size. In each case the male is above, the female below. 


years ago in a long-extinct species can now 
be seen. 

As an example of genetical work in the 
field, a very interesting series of observa- 
tions by Dr. E. B. Ford on a colony of the 
marsh fritillary (Melitaa aurinia) may be 
taken. This colony of butterflies was very 
isolated, and had been collected from or 
closely studied for nearly fifty years. The 
numbers after being high for several years 
began to fall and, for a long period, the 
butterflies were very rare. One of the 
reasons for this decline was that the cater- 
pillars were attacked by parasites. In the 
next four years, however, there was a rapid 
inciease, so that the butterflies became 
abundant again, and remained so, increas- 
ing slightly, until the observations were 
discontinued. But butterflies collected in 
the second period of abundance are defin- 


itely, though only slightly, different from 
those of the first period. Individuals in both 
these periods vary very little. During the 
rapid increase, there was a most remarkable 
degree of variation. “Hardly two specimens 
were alike,” writes Dr. Ford, “and marked 
departures from the norma! form of the 
species, both in size, shape, and colour, 
were very common. A high proportion of 
these were deformed in various ways, the 
amount of deformity being closely corre- 
lated with the degree of variation. When the 
rapid increase had ceased these undesirable 
elements practically disappeared, and the 
species settled down once more to a com- 
paratively uniform type, which, however, 
was recognizably distinct from that which 
prevailed during the first period of abun- 
dance.” 

The interpretation of these observations 


HOW EQUILIBRIUM MAY BE DISTURBED 


appears to be as follows. During the first 
period of abundance the species was in 
equilibrium with its environment. The 
numbers produced in each generation 
allowed for a sufficient proportion to reach 
maturity and breed, the rest succumbing at 
different times through many different 
causes such as predators, accidmt. para- 
sitism and so on. For equilibrium to be 
produced, since each butterfly lays con- 
siderably more than two eggs, the pressure 
of eliminatory factors must be fairly high, 
and individuals showing some variation at 
any stage in the life-history were not likely 
to sur\'ive. the chance of any immediately 
useful variation occurring being very small. 
Consequently, little variation is seen. In 
the next period, eliminatory factors became 
much more intense, and the numbers de- 
creased in each generation, until the butter- 
fly was very rare — perhaps so rare that the 
parasites had very great difficulty in finding 
new individuals to attack, and themselves 
became exceedingly rare through lack of 
food. As a result of this and protobly other 
factors as well, the elimination-pressure 
was reduced, there was a rapid return to 
abundance, and since selection was not so 
fierce, far greater variation was permissible 
in this period. The species then attained 
equilibrium again but as a slightly different 
form. Dr. Ford remarks. “The increase in 
variation which was witnessed in this in- 
stance was so rapid, and the changes so 
marked, that it is difficult to believe that the 
processes of genic spread and improvement 
here postulated were wholly responsible for 
them. Whatever contributory cause may 
have been at work, it will none the less be 
seen how closely the obserxed facts followed 
the course of evolutionary progress which 
has been suggested as possible in fluctua- 
ting populations.” 

Differences between Species 

There remains to be considered the 
second objection to Darwinism, that we 
know of neither intermediate forms between 
species nor incipient species. In this con- 
nexion also, a very great deal of work has 
been done since the beginning of the cen- 
tury, and it is difficult to summarize it 
adequately. More is known about the 
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genetics of groups of related species of 
plants than of animals. In general, it seems 
to be true to say that the ditTerence between 
species and between varieties is a question 
of degree. Varieties differ with respect to a 
few genes only, some of which, ho\\e\er. 
may be very striking in their effects, as in 
the case of albino races. Species seem to 
differ in respect of a large number of genes. 

By some irregularity of cell division 
in the course of reproduction a plant is 
produced which has more than the parental 
number of chromosomes, usually a multiple 
of the normal (diploid) number. For 
example, in the large genus of the docks 
{Riimex) a few species ha\e only twenty 
chromosomes per nucleus, others forty. The 
curled dock (Riime.x crispns) has sixty, the 
great water dock {Riiinex hydrolapafhum) 
has 200. and different individuals of another 
species may have forty, sixty or eighty. If 
doubling up is sufficient to disturb the 
balance of the genes, so that the oflspring 
cannot breed with the parent form, we have 
in effect a new species. If not. we have a 
variety only. A well-known case in which a 
new species has arisen by similar means is 
that of Primula kewensis. This primula was 
produced by crossing two others. P. flori 
bunda and P. veriicillaia. The result was a 
hybrid, sterile apparently because the two 
sets of chromosomes, one from each parent, 
were too different to act as equivalent sets, 
so sexual reproduction could not take 
place. But occasionally there arises a form 
in which both sets are doubled, and segre- 
gation can now take place. It is self-fertile 
but (and this is a most important point) 
it is sterile to both of its parents. This form 
is apparently a true new species. 

In such a case as this we have species- 
formation almost at a single bound. But 
this method is not general. More usually 
there is a gradual divergence, and the geno- 
types become progressively more and more 
incompatible. Since any gene may have 
very many diverse effects apparent in both 
the anatomy and physiology (the structure 
and the functioning) of its possessor, steril- 
ity may appear after a very slight change 
of the genotype. The wonderful variety of 
dogs that have been produced, intention- 
ally or not, points to an equivalent variety 
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in their genetic make-up; but there is no 
apparent sterility between any of them. 

On the other hand, one species of a genus 
of fruit flies {Drosophila) is known in which 
there are two races differing slightly in their 
habits but indistinguishable by anatomical 
differences, yet they are not inter-fertile. 
Two other species of the same genus re- 
semble each other most remarkably in their 
anatomy, but are unable to breed. These 
are extreme cases, but they do exist and 
force us to ask what exactly we mean by a 
species. 

If inter-sterility is to be the final criterion, 
then the two races mentioned above are 
separate species, and many plants which 
can and do hybridize must not be called 
species, although they are almost univer- 
sally regarded as such and do fill different 
niches in the ecological structure of the 
communities in which they are found. The 
question is very much under discussion, but 
whatever happens, the rigidity, hardness, 
and discreteness of older ideas on species 
and varieties have certainly been greatly 
modified. There is ample evidence of inter- 
mediates of all grades. A puzzling case is 
that of the carrion crow and the hoodie 
crow. The areas in which each species lives 
overlap only very slightly, but where they 
do, hybrids are found. This, interpreted 
strictly, would mean that both are good 
species, except in the overlapping belt. 

Neutral Differences 

There is evidence in some cases that cer- 
tain differences between species may not be 
adaptive at all. They neither help nor 
hinder, they are just differences. It is be- 
lieved that such differences may be by- 
products, so to speak, of genes whose im- 
portance lies elsewhere. As long as these 
additional effects are neutral, of course, 
selection will not affect them, but if circum- 
stances change they may become useful or 
detrimental. In the latter case, if other 
actions of the same gene are definitely use- 
ful, then selection will favour those in- 
dividuals in which the detrimental effects 
are more or less coijtpletely suppressed. 

It was stated above that in species-forma- 
tion two races begin to differ more and 
more, until complete sterility is produced. 


But, it will be asked, how can this come 
about? If the original population was inter- 
breeding freely, if a sudden mutation 
occurred that produced incipient sterility, 
the first individual in which it acted simply 
would not breed, or if its breeding was 
difficult, its offspring would be at a dis- 
advantage and probably the strain would 
die out before pure-breeding (homozygous) 
lines could be established. TTiis is a most 
important point which is still partly in 
dispute. 

What is agreed is that by some means 
or other some part of the original freely 
interbreeding and more or less uniform 
population must be separated off to form 
a second interbreeding group. The effects 
mentioned before in connexion with the 
sizes of populations will then come into 
play, and if the two differ in size, as is 
likely, they will tend to differ in genetical 
make-up also. And the random occurrence 
of different mutations in the two will also 
have some effect in producing diversity. It 
is well established that animals or plants 
from one population, which become separ- 
ated from it, give rise to races or species 
showing progressive differences. Thus birds 
which have colonized islands at different 
distances from their native mainland tend 
to form local races, and then species, on 
them, if constant immigration is not going 
on. This separation and consequent differ- 
entiation is the cause of the production of 
the remarkable floras and faunas peculiar 
to certain individual oceanic islands as 
mentioned before. The greater the barrier 
between the island and the nearest main- 
land, the greater are the special features 
that the island’s populations show. 

Changes through Separation 

It is considered by some that physio- 
logical isolation can split populations in an 
effective way. Thus it might be possible 
that different strains of caterpillar in a 
species of moth might prefer slightly 
different sorts of foodplant. If this resulted 
in an effective separation as far as breeding- 
times and habits went, then new species 
might be brought about. 

But there is a large group who consider 
that geographical isolation is probably by 
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far the more important. If different herds of 
deer for example, tend to visit and then 
live in different valleys in a mountain range, 
differences will develop. A few adventurous 
individuals that cross a river at a time of 
exceptional dryness might colonize a new 
region and then be cut off. All such happen- 
ings would provide conditions of segrega- 
tion. suitable for inducing variety and then 

species-formation. 

It must be remembered also that there 
may be barriers in what seems a uniform 
population. It has been shown that animals 
such as lizards may never travel very far 
from their holes; hence many interbreed 
only with near neighbours. If there is a 
particularly large number of them on one 
patch of stony ground, and very few others 
for some distance, then we have isolation 
which may be only slight or very nearly 
complete. 

To sum up. we can say that Darwinism as 
modified by genetics, is the principal theory 
of the mechanism of evolution that is in 
use in biological investigations today. Its 
great merits are that it accounts for a huge 


number of observations, it points the way 
to further investigation of apparent excep- 
tions, very many of which have l^en shown 
to be only apparent, and it gathers together 
data from all the sub-sciences of biology and 
unifies them into an integrated science. 

We have been examining Darwinism all 
along from a scientific viewpoint. It should 
be remembered that it, and biologiail 
science, and indeed all science, is open to 
criticism along certain lines by philosophers 
and others. They offer other theories of 
evolution, not necessarily contradicting 
Darwinism, but always transcending it. in 
which some great creative mind or purpose 
is recognized that seeks to realize itself 
through evolution of which it is the moving 
principle, or alternatively, seeks to create 
other intelligent beings for their own sakes. 
Such views are in many cases very respect- 
able and very ancient. They were well known 
in Darwin’s time, and by some were set up 
in opposition to his theory. But as they are 
metaphysical doctrines, and therefore can- 
not be investigated by scientific methods, 
they do not concern us here. 


Test Yourself 

1. What are the three main points in Danvin’s theory of evolution? 

2. Give three or four examples of animals which show adaptations to a 

particular mode of life, and say how these animals are related to one 
another. *>• 

3. Briefly describe how the' marsupials of Australia illustrate so well the 
phenomenon of adaptive radiation. 

4. What important contribution did Alfred Russel Wallace make to the 
theory of evolution by the ideas expressed in his book, Island Life ? 

5. What is Darwin’s theory of sexual selection ? 

6. Explain the very long neck of the giraffe, first in terms of Darwin's 
theory, and then in terms of Lamarck’s theory of evolution. 

7. What are the chief imperfections of the fossil record ? 

8. What are the three principal objections to the idea that mutations play 
the leading part in bringing about evolution ? 

Answers will he found at the end of the book. 




tDGE OF THE WOOD 

Ploiii\ ate depeiuknl upon UkIu ond moisture and usually find among all plant 
iommuniiies one or two dominant species more abundant than the rest. Here the bracken 
and blackberry are the dominants, while the centaury and St. John s wort have lust managea 
to straggle upwards. On the ground, grasses and other unall plants struggle for survival. 




CHAPTER XV 


ECOLOGY AND THE 
BALANCE OF NATURE 


TN the early days of the revival of interest 
1 in zoology and botany, about two 
hundred years ago. much attention was 
paid to the life histories, habits and be- 
haviour of living creatures, and many facts 
were noted, some to be overlooked and for- 
gotten for a century or more. Much of this 
work was anecdotal; the observations were 
curiously interesting but disconnected, 
largely because other branches of biology 
and related sciences had not yet progressed 
far enough for reasons to be seen and con- 
necting links to be discovered. 

Then interest swung to classification; 
then to comparative morphology (compari- 
son of the forms of living things), embry- 
ology. palaeontology (the study of fossils), 
and evolution. Later it swung to cytology, 
or the structure of cells; and for a hundred 
and fifty years, in the rush of new know- 
ledge, the living animal or plant was almost 
forgotten. Biology was in danger of be- 
coming a study only of dead animals and 
dried plants. 

After the beginning of this century a 
change set in with a sudden revival of 
interest in physiology, in the inheritance of 
characters, both of which studies required 
living animals and plants, and in the rela- 
tion of living things to their whole complex 
environment. This tatter branch of biology 
is now usually called Ecology. It somewhat 
resemble the old Natural History in its 
insistence on living creatures, but it is more 
accurate, more critical, more concerned 
with measurement, and more constructive. 
It has also at its service all the progress 
that has been made in the previous century 
in classification, morphology and physio- 
logy; and also, as will be seen later, in 
geology, geography, climatology and 
meteorology. 

Ecology, then, is the scientific study of 
living things in relation to their environ- 
ment, and this latter includes not only the 


inanimate factors of geography and geo- 
logy. soil, slope, height of land, depth of 
sea; and of climate and weather; but also 
the animate environment of all other living 
things which impact on each other directly 
or indirectly. In ecology, zoology and 
botany are closely interwoven and cannot 
be separated. 

Environments 

First let us make a survey of the extent 
and variety of the inanimate environments 
that arc available for living things. 

The total land surface of the earth is 
about 197 million square miles, of which 
141 million (71 per cent) is water and 56 
million (29 per cent) is land. Of the land 
about one-tenth is at present under ice or 
snow. The amount of water locked up in 
this way in ice-caps and glaciers is suffi- 
cient, if all melted, to raise the present 
level of the oceans by over a hundred feet. 
Since the total amount of the ice cap has 
varied greatly in geological history, the level 
of the oceans has also varied inversely to 
the amount of land ice. 

Of the land, about 70 per cent is under 
3,300 feet (l.OOO metres) above sea level; 
only a very small area is above 13, (XX) feet 
(4,000 metres); and the highest peak is 
about 29,000 feet. In the sea the distribution 
of level is very different, only about 13 per 
cent is less than 3.300 feet deep, and the 
greatest area, about onc-ihird of the total, 
is between 13,000 and 16,000 feet. A few 
depths of over 33,000 feel have been 
recorded. The volume of the sea is approxi- 
mately 328 million cubic miles. 

The most important chemical factors 
which affect the environment from a bio- 
logical point of view are, on land, the com- 
position of the soil (for example, the 
presence or absence of lime, causing soil to 
be alkaline or acid); and, in the water, the 
amount of salt, which causes the great 
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POND-WATER LIFE MAGNIFIED ABOUT ONE HUNDRED TIMES 


Photograph of a remarkable glass model of plant and animal life, such as is found in one 
half inch of pond water. The cup-shaped bodies are the traps of bladder-wort, a 
flesh-eating water plant. Many simple algae are seen attached to the large plant stems. 


division between the fresh-water and the 
salt-water environments. Geographical and 
geological factors such as these are 
normally subject only to very slow changes. 

The physical factors are more numerous, 
more variable, and of greater importance 
in determining the majority of the habitats 
and so, indirectly, the types of animals and 
plants that survive. 

Since the heat of the sun is the source of 
energy for all life on this earth, the first 
physical factors that we must consider are 
the number of hours of daylight and the 
intensity of radiation, both of which of 


course affect the temperature of the 
environment. 

If the earth’s axis were at right angles to 
the plane of its track round the sun, the 
poles would always receive their light and 
radiant heat at an extremely low angle and 
would be cold, while the sun would always 
be vertical to the equator. There would be 
no seasons and all latitudes would have 
twelve hours' day and twelve hours night. 
Owing, however, to the angle of the earth s 
axis we get the change of seasons and the 
varying length of daylight. At the pole there 
is a change from continuous day in 
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summer to continuous night in winter; 
while at the equator the length of daylight 
and darkness vary only by a few minutes 
throughout the year. The average amount 
of radiant heat reaching the earth's surface 
about the latitude of London is more than 
six times as great in summer as in winter, 
and in the tropics the average amount is 
more than double that received in southern 
England. So we have, ecologically, the 
fundamentally important factors, increas- 
ing cold towards the poles, the long polar 
winter nights and summer days, and the 
fact that when it is summer in the northern 
hemisphere it is winter in the southern. 
This latter fact is closely associated with 
the problem of migration in birds. 

Land Temperatures 

The highest air temperatures recorded on 
land are about 135 deg. F., but the surface 
of black soil or rock in the sun can go welt 
above this. The lowest is about 90 deg. F. 
below zero, that is, over 100 degrees of 
frost. In Great Britain the extremes are 
approximately 0-100 deg. F. 

If you go down in the earth, the tem- 
perature rises at the rate of about 1 deg. F. 
per 50 feet. Up in the air temperature falls 
so that in Britain above about 6,000- 
8,000 feet the air is usually below freezing 
point. On land the fall in temperature is 
about 1 deg. F. for each 300 feet rise above 
sea level. The occurrence of frost is an 
Important factor in determining the dis- 
tribution of many plants. 

In the sea the changes are much less 
extreme, ranging only from about 29 deg. F. 
to 86 deg. F. ( — 2 deg. C. to 30 deg. C). In 
land-locked areas and small ponds the 
surface temperatures may be higher, and 
of course there are occasional hot springs. 

On land rainfall is the next most im- 
portant physical factor, and this ranges 
from no rain for many years, as in parts 
of the Sahara, to over 500 inches per year 
in certain tropical mountain areas. The 
seasonal distribution of rainfall is of great 
importance, and in many tropical countries 
the changes from wet to dry and back again 
are the chief seasonal effects. Rainfall may 
differ greatly over a short distance, particu- 
larly, for example, on the two sides of a 
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range of hills. In England the rainfall varies 
from an average of about 20 inches in tlic 
eastern counties to nearly 200 inches in the 
mountains of Wales and Cumberland. 

In cold areas the rain falls as snow and 
this has special effects, such as protecting 
the soil beneath, and the animals and plants 
therein, from very low temperatures. 

The rainfall also determines the flow of 
rivers and streams, and is of course the 
source of all the fresh-water environments. 

Other factors of importance are air and 
water currents and various combinations 
such as relative humidity, evaporation and 
condensation. All these may be grouped as 
climate and weather. Weather is the actual 
condition at any moment; climate is a 
measure of the average conditions and the 
range of variation over a long period. All 
are subject to change, even in the same 
locality, and these changes, which are of 
great importance ecologically, can be 
grouped as follows : — 

(i) Short Period Changes. 

1. Irregular. Weather. 

2. Regular, a. Daily cycle. 

b. Annual cycle 
of seasons. 

(ii) Long Period Changes. 

1 . Periodic weather cycles. Sunspot 

cycle. 

2. Very slow changes in climate, 

such as caused the ice ages in 

Britain. 

Most of the long range changes make 
little or no difference within the life of an 
ecologist, but they are of very great im- 
portance, as they often determine which 
animals or plants are present in a country, 
depending on its past climatic history. The 
ecologist must not take a narrow view of 
his subject, and must remember that the 

flora of the British coal measures is as 

* 

important biologically as, say, the Icpidop- 
tera at present found in Hertfordshire. 

Let us now turn from the variety of 
habitats to the variety of living things that 
may occupy them. We classify these into 
animals and plants, with a few primitive 
forms whose position is intermediate or un- 
certain; but ecologically they are all 
inseparable. 

The number of different kinds or species 
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which we already know is very great. The 
flow ering plants of the world are not likely 
to fall short of 200,000 different kinds, to 
which must be added the ferns, fungi, 
yeasts, bacteria and so on. 

Number of Species Compared 

In the animal kingdom the number of 
species is even greater, dominated by the 
insects. In this last group the number of 
species already known is nearly half a 
million, and the total number in existence 
must be not less than two or three millions. 
In other groups the numbers are large, but 
not so spectacular. For example, the birds 
of the world, which are possibly more 
completely known than any other single 
group, include about 20,000 species. 

In Great Britain, with an area of about 

80.000 square miles, there are recorded at 
present about 1,500 species of flowering 
plants, about 33 ferns, about 3,000 fungi, 
less than 50 land mammals, about 425 
species of birds, but over 20,000 species of 
insects, including 2,000 moths and over 

3.000 beetles. The insect species outnumber 
all the other living things. 

Next consider the number of individuals 
in these species, for the study of the size of 
populations and their changes and balance 
is one of the most important branches of 
ecology. 

In plants it is not always easy to decide 
where an “individual” begins and ends, 
especially when you gel vegetative repro- 
duction; so let us take animals and start 
with man, who is, to the ecologist, one of 
the animals inhabiting the earth. 

There are believed to be over 2,000 
million human inhabitants of this world, 
and the number is, in most countries, 
steadily rising. In fact, a gigantic ecological 
problem is facing the United Nations Food 
and Agriculture Organization. In Great 
Britain there are now about 45 million, but 
a hundred years ago the number was only 
about 19 million, and in the year A.D. 1600 
less than five million. The British popula- 
tion is still rising very slowly, but is ex- 
pected shortly to reach a peak and perhaps 
to fall. 

In England and Wales there are estimated 
to be about 60-70 million nesting land-birds 


in the spring and early summer; nearly 
twice as many as there are human beings. 
These belong to about 150 species, of which 
the two commonest are the chaffinch and 
the blackbird with about ten million each. 
At the other end there are about eight 
species with fewer than ten individuals, but 
of course these are more common in other 
countries. 

In the soil of one acre of land in England 
there may be anything from 50 to 200 
million insects, occasionally even more. 
For a single species, for example, the in- 
jurious wireworm, there may be ten million 
or more per acre. Since an acre contains 
about six and a quarter million square 
inches this means that soil may contain 
more than ten insects per square inch of 
surface under the climatic conditions of 
Britain. If we take this as a possible 
average figure for the land of the world 
(excluding the 10 per cent under ice), 
allowing the deserts to be below and the 
tropical forests above, there would be in 
the world at any one moment about ten 
million million million insects. 

When we turn to the bacteria the numbers 
are so great that our calculations for insects 
appear to be quite trivial. In a single gram 
of soil (about 1 /30 of an ounce) there may 
easily be a thousand million bacteria and, 
since the soil to a depth of 10 inches weighs 
about 1,000 tons per acre, the numbers of 
bacteria may be nearly a million million 
million for each acre of land. 

Teeming Life 

In the sea we get similar astronomical 
figures. The number of diatoms off the 
coast of California varies from 100 to over 

100,000 per litre of water, and there are 
750 litres for each cubic yard. In the South 
Atlantic a low figure for the total number 
of plankton (floating small animals) pei 
litre is 5,000 and the number may reach 
over 100,000. 

At the other end of the scale we have 
species that exist in very small numbers. 
These cases are always difficult to prove; 
rarity in museums is not a proof of rarity 
in numbers. An animal or plant may be 
rare in one country but abundant some- 
where else. FrequenUy the true habitat of 
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a sO'Called rare species has not yet been 
discovered. Still, there are definite cases; 
for example the St. Kilda wren, unknown 
except on this island beyond the Outer 
Hebrides, has been estimated by careful 
sur\’ey to exist at present in only between 
60 and 70 pairs. It is easy to see that such 
a low number of individuals brings with it 
special dangers of extermination. 

Fluctuating Numbers 

The ecologist is. however, not merely 
interested in the number of individuals of 
any one species living at any one time. An 
even more fascinating and fundamental 
study is the change in numbers that occurs 
both in space, from one locality to another, 
and in time, from day to day, from year to 
year and from century to century. 

One of the most remarkable cases of 
rapid change in numbers is found in the 
lemming, a rodent which lives in the north 
of Europe, particularly in Lapland, and 
which extends further south in the moun- 
tains of Scandinavia. At intervals, usually 
of three or four years, the lemmings in- 


DIATOMS 

Group of (litiionr^i. highly 
These liny 
nuuine plunts have t'vo- 
valvetl siliceous shells and 
■ihoi/nd ill sail or fresh 
sealer. They have a svide 
variety of forms. 

crease in abundance and 
overflow from the hills 
into the coastal areas of 
southern Norway, some- 
times reaching Oslo. The 
numbers in these mass 
movements may reach 
hundreds of thousands, 
but a year later none 
are to be seen. 

Mice and voles are 
subject to similar great 
outbreaks, and in 1890- 
1892 the latter were in 
such numbers in south- 
west Scotland that crops 
and pastures were severe- 
ly damaged. In the spring 
of 1892, sheep and lambs had to be 
supplied with fodder brought in from 
outside the plague area. 

The “snow-shoe rabbit" (Lepus omeri- 
camn) in North America is subject to 
violent fluctuations in numbers and it has 
been stated that in some places they have 
decreased from over 3,000 per square mile 
to practically none in less than one year. 
The lynx, which largely preys on these hares, 
has similar fluctuations closely following 
those of its prey. 

When settlers first went over to North 
America, one of the most remarkable 
sights was the flights of hundreds of 
thousands of passenger pigeons which were 
said almost to darken the sky. As recently 
as 1888 they still existed in millions. Today 
there are none left alive. 

In counts made of the grubs of a small 
fly which damages wheat in Britain, the 
number in five hundred ears has varied 
from 1,000 to 28,000 in two successive 
years: that is to say, in two consecutive 
generations. 

The rapid spread of the rabbit and the 
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Small inouniain-dii'elling rodent. When urged by the migratory instinct, the lemmings 
descend in thousands to the lower levels and make their way in a direct line to the sea. 
Many drown, but as they are prolific breeders some always survive to carry on the species. 


prickly pear in Australia, after the first 
introductions, is well known; and in 
Britain we can see at the present moment 
the steady increase of the grey squirrel 
tt hich was introduced from North America. 

By catching insects in a moth trap in 
I'.S.A. an entomologist obtained in one 
year over twenty-three thousand individuals 
of one species. In the following two years 
not a single specimen was captured, 
although exactly similar trapping had been 
carried out. 

Power to Multiply 

The power of a species to multiply, some- 
times called by ecologists the “biological 
potential,” depends fundamentally on two 
factors, the fertility or birth-rate, and 
the length of time between reproduction in 
successive generations. This is balanced by 
the death-rate before maturity, which is 
sometimes called “environmental resist- 
ance.” 

Man produces normally one to ten 
young, and the generations are 18-30 years 
apart. The death-rate is relatively low, and 


both birth-rate and death-rate are lower in 
the so-called civilized countries. 

Many insects lay up to 1,000 eggs, and 
the length of the life cycle is seldom more 
than a year; often only a few weeks. A 
queen b^ may lay up to half a million eggs, 
a codfish over four million, and an oyster 
over a hundred million. 

In the plants conditions are somewhat 
different, but many annual plants produce 
thousands of seeds, for example, the 
spotted orchis (Orchis maculata) is said to 
average about 56,000 seeds per plant. 
Some trees can live for a thousand years, 
producing seed throughout the period. 
Fungi produce spores by the thousands 
of millions. 

In the bacteria, diatoms and certain 
unicellular animals, we get still another 
condition where increase in numbers is by 
growth and division into two. There is no 
“death” after reproduction; each death is 
the end of that line of life. In such cases the 
power of the species to multiply is deter- 
mined only by the time between successive 
divisions. As this interval in bacteria may, 
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under favourable conditions, be as short as 
fiHeen minutes, it will be seen how rapidly 

a population can change. 

Any species must be at any time cither 
stable in numbers or increasing or decreas- 
ing. If we take an example from the 
sexually reproducing animals, conditions 
will be stable if, for each pair in one gene- 
ration. there will be one pair surviving to 
maturity in the next generation. The species 
will be increasing if more than one pair 
survive and decreasing if fewer. Thus, if the 
population is stable, only one pair can 
survive out of all the eggs or seeds or young 
produced by one pair of parents during 
their life. For example, if a nation of men 
produce on an average three children for 
every male and female in one generation 
one of them must die without offspring if 
the population is to remain steady. The 
death-rate, before maturity, must be 
33 per cent. 

If the female of a pair of insects lays a 
thousand eggs, then a death-rate of 99.8 
per cent is necessary to prevent a rise in 
the population. If two out of every 
thousand survive we get stability: if four 
survive, the population will double in one 
generation; if only one survives, the popu- 
lation will be reduced by a half. Thus we 
sec that a change of death-rate (before 
reproduction) from 99.6 to 99.9 per cent 
will make all the difference between a 
population doubling and halving. 

Extreme Cases 

In the case of the cod and the oyster, the 
flowering plants and the fungi, conditions 
are even more extreme. In the diatoms, half 
the population must be destroyed in the 
average interval between two successive 
divisions in order to keep a steady 
population. 

It is important to note that various 
causes of death may have very different 
effects on the stability of a population. 
The two types generally recognized are 
those which tend to keep the numbers 
average, and those which do not have this 
effect. For example, if any animal becomes 
unusually abundant, its enemies will find 
food abundant, and will in turn increase 
in numbers, and will exert an even greater 


pressure. On the other hand, if ilic species 
becomes for a period rare, its enemies will 
have greater dilViculiy in finding food, 
general predators will seek other lood, and 
the death-rate of the species will be greatly 
lowered. Thus the effect of parasites and 
predators, disease and food supply is 
to bring the population back to normal. 

Effect of Weather 

On the other hand, ihe clTcci of severe 
weather condiiions, such as a killing frosi. 
is usually to destroy a large proportion of 
the population, whether it is above or below 
normal at the time. If the population should 
be already below normal, it may make it 
more difficult to return to normal. We have 
already mentioned, in the Ciisc of the St. 
Kilda wren, that very small or very 
scattered populations may have consider- 
able difficulties in mating or, in the case ol 
plants, in the pollen of one plant reaching 
another of the same kind. This type ol 
death-rate may tend to accentuate depar- 
tures from the normal. 

So we sec that changes in numbers ol 
animals and plants depend fundarhentally 
on fertility, on length of life from birth to 
maturity, and on the death-rate before 
maturity. Life after reproduction has 
ceased is, except in the rare cases of colonial 
animals, biologically a waste. Many 
anim.als die immediately after reproduction, 
and in some cases the act of reproduction 
may be the direct cause of the death of the 
female or the male. 

One other point to note in connexion 
with the changes of numbers of animals in 
any particular locality is the power of con- 
centration or dispersal by movement. This 
may be active, as in migration, or passive, 
when, for example, sec^, spores or small 
insects are carried long distances by wind. 

Causes of Fluctuations 

It follows that the immediate causes of 
fluctuations of numbers of animals and 
plants are to be found in all those lactors 
which affect fertility, length of life or death- 
rate ; and so we return once more to (he 
impact of the environment on the animal. 

We have already dealt briefly with the 
inanimate factors, such as weather and 
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Sonic of ihe millions of microscopic animals which live in the lower depths of the H-a fighting 
and devouring one another until they themselves fall prey to larger beasts. Monv of the 
deep-sea Crustacea ore luminous and have large well-developed ci’t's. 


climate, so let us now consider the ways in 
which plants and animals affect one an- 
oihcr when they come into contact. 

The most important relationship is that 
of food — the eaters and the eaten, the 
parasite and the host, the “crop” and the 
"pest.” Fach animal or plant is constantly, 
hvit usually unconsciously, striving to get its 
food and not to be eaten. 

The chlorophyll-bearing plants, which 
obtain their energy' from the sun, are the 
only group which can exist without some 
source of organic matter, that is to say. 
w ithout some other living source of matter. 
They use the energy from the absorbed 
radiation to build up complex proteins and 
organic compounds from the chemicals in 
the soil and air, A green plant can be grown 
in a water solution of relatively simple in- 
organic chemicals, provided that it has 
sufficient light. 

All other living things, animals and 
plants, are directly or indirectly dependent 
on the so-called green plants. Where no 
light penetrates, as in the deep sea or in 
ca\es. no community can survive without 
an external source of organic matter. Bac- 


teria and fungi grow at the expense of the 
green plant when it is alive and after it is 
dead. The roots, as they decay in the soil, 
form the basis of other life; in fact, decay is 
a living process. The leaves are eaten by 
herbivorous animals, which in turn are the 
hosts of parasites, and are eaten by carni- 
vores. Caterpillars and other insects eat 
the leaves, stems and roots, and are in turn 
destroyed by internal and external parasites, 
or are eaten by birds. 

In the surface layers of the sea there arc 
to be found countless millions of micro- 
scopic plants which are eaten by millions of 
microscopic animals, which in turn are 
eaten by countless thousands of larger 
beasts. As all these die, they sink to the 
deeper layers of the sea, far beyond the 
range of light, and provide the organic 
material and energy for the extraordinary 
forms of life which are to be found at great 
depths. 

It has been calculated that a single cope- 
pod. which is a minute crustacean barely 
a tenth of an inch in length, will eat about 
1 20,000 diatoms a day. Yet copepods form 
the main food of many of our largest 
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hales, and \^nhin ihc stomach ol one 
whale ihorc ^^as found over 250 gallons of 
— just a single recent meal 
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BALANCE OF NATURE 

ANTS GUARDING APHIDES 
A colony of ants provides an interesting 
study of community life. The ants use the 
aphides as men use cattle and “ milk " them 
for the honeydew which they exude. The 
small insects around the large aphides are 
their parthenogenetic young. 


particular fungi which live in close associa- 
tion with their roots. The leguminous 
plants have nodules on their roots con- 
taining bacteria: these bacteria are able to 
synthesize nitrates from nitrogen and so 
make the latter available to the plant. 
Many insects are unable to digest their food 
without the presence of minute unicellular 
animals in their gut: destroy these protozoa 
and the insect dies of starvation in the midst 
of plenty. The whole mechanism of plants 
producing nectar and flowers for insects in 
return for the service ofeross pollination isa 
typical example of co-operation between 
species in the plant and animal kingdom. 

When the association of two dissimilar 
organisms is mutually beneficial it is called 
symbiosis. When advantageous to one side 
without harming the other it is called 
commensalism. When it is harmful to one 
of the two partners it cannot be called 
co-operation, but comes rather into the 
character of parasitism. 

Competition, apart from direct food 
relations, also occurs continually between 
nearly all species which come into contact 
with one another. Competition for the 
available space, for food, for shelter and for 
the particular niche which each species 
wishes to occupy. Asa result, all the animals 
and plants in any association or community 
are in a state of uneasy balance. It is inter- 
esting to note that random samples of a 
large number of individuals made from a 
wild mixed population show a mathemati- 
cal order in the relative abundance of the 
different species. In such samples there are 
always more species with few individuals 
than with many. Thus sixteen thousand 
moths captured in a trap during four years 
at Harpenden, about twenty-five miles 
north of London, included 240 species: but 
of these 75, or nearly one-third, averaged 
only one individual a year or less, and only 
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34 species had over a hundred. One species 
had 2.350 individuals, which was about 
one-seventh of the total captures. 

The ecologist is particularly interested in 
the classification of the different environ- 
ments from a biological point of view, in 
listing the different species which occur in 
each environment and in seeing what part 
each species plays in the community. Let us 
take, for example, the sea, and note how it 
would be considered. We can recognize the 
following main divisions: — 

(1) The animals and plants of the sea 
floor, known as the benthos. This is sub- 
divided into a littoral zone, round the 
coasts and to a depth of a few hundred feet, 
and a deep sea zone extending to the great- 
est depths yet dredged. 

(2) The animals and plants which arc 
free in the water, or pelagic. These are sub- 
divided into the plankton, the small animals 
and plants which float or can move only 
very short distances; and the nekton, the 
animals which swim. 

Littoral Life 

The littoral plant life includes the green 
and the brown seaweeds seen on the sea 
shore at low tide. The animals include 
molluscs (limpets, mussels and peri- 
winkles); burrowing worms; anemones; 
sponges; crabs; shrimps and other Crus- 
tacea; and small Ashes which frequent the 
rock crannies and pools. The character of 
both plants and animals depends on the con- 
flguration of the coast line, if steep or shelv- 
ing, cliffs or sandbanks, great or small tides, 
and so on. The study of the shore association 
alone is a life’s work for a keen ecologist. 

It is curious to note in passing that al- 
though the insects are far above all other 
groups in diversity of species on land and in 
fresh water, yet in the enormous salt-water 
environments there are scarcely a dozen 
species. 

On land there is a greater variety of 
habitats and more rapid changes. In cold 
temperate regions we get long summer days 
with sufficient light and warmth to allow the 
development of a considerable vegetation, 
followed by long nights with intense cold. 
The animal life that wishes to take advan- 
tage of the summer vegetation must face the 


problem of winter starvation. Two methods 
arc found to oscrcome this difficulty: hiber- 
nation and migration. In hibernation, stores 
of rcscr\c fat are usually accumulated 
during the season of plenty, and arc used up 
slowly during the winter when metabolism 
is at a low level, and in normally warm- 
blooded animals the temperature of the 
body falls considerably. Some of the smal- 
lest animals have the power of drying up 
almost completely and may remain for 
years in that state, but are capable of re- 
newed life when conditions arc again 
favourable. 

The other alternative is to leave the area 
on the approach of winter and move to 
warmer climates. This is the great pheno- 
menon of migration, which is so conspi- 
cuous in many of our birds, some of which, 
like the swallow, by crossing the equator 
twice a year seem to have solved the prob- 
lem of liv ing in eternal summer. 

There are, however, as in all branches of 
ecology, some curious exceptions. A most 
striking one is the Emperor penguin which 
swims southward to the Antarctic con- 
tinent early in the winter, and lays its eggs 
and nourishes its young in the middle of the 
polar night with temperatures 60-70 deg. F. 
below zero. 

Forest Habitat 

Another habitat with definite physical 
characters and special forms of plant and 
animal life is a tropical forest. Here we get 
moderately high rainfall combined with 
absence of low temperatures, and. as a 
result, a great variety of large trees with 
their tops forming a canopy perhaps a 
hundred and fifty feet or more above the 
ground. There is little ground vegetation, 
except in clearings, owing to the small 
amount of light which penetrates the 
canopy, but many creepers whose trailing 
woody stems may be several hundred feet 
in length. Insect and bird life are not abun- 
dant at ground level, but more so above. 
Owing to the great difficulties of observa- 
tion, little study has been made of life in the 
upper layers of a tropical forest, but it is a 
fascinating problem for the ecologist. 

The woodlands of Britain show similar 
problems on a smaller scale, but with a 
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more definite sequence of winter and sum- 
mer. fewer different trees and more under- 
growth. as the canopy is not usually so 
dense. Definite “layering” is found and the 
birds feeding near the ground are different, 
at least in proportion, from those in the 
middle levels and those at the tree tops. 

All these habitats can be. and have been, 
further sub-divided almost ad infinitum and 
certainly sometimes ad nauseam. One has 
only to examine the distribution of moss 
on tree trunks in a cold temperate climate 
to see that the north side of a trunk has a 
different environment from the south side. 

We have mentioned the change of season 
in the English woodland. Such changes are 
of special ecological interest, and particu- 
larly for the way in which events follow one 
another year after year in a moderately 
regular sequence, but always under the 
influence of recent weather conditions. This 
branch of ecology is called phenology. The 
horse-chestnut always breaks into leaf, and 
shonly after into flowei. in the spring; but 
what determines the particular date each 
year? In early years the tree is already in 
bloom by the 1st of April, while in late 
years the leaf-buds may not even have 
broken by that date. Weather affects both 
the plants and the insects that feed on them. 
Normally the insect finds its host plant in 
approximately the correct conditions when 
it is ready to feed or to lay eggs. But if un- 
usual weather conditions prevail the two 
may be put out of step and the results may 
be disastrous for the insect. 

Apart from seasonal changes there are 
other slower changes often brought about 
by the living creatures themselves. Scarcely 
any plant or animal association is stable. 
Many pass through a slow sequence of 
living forms which is known as a succes- 
sion. This is most easily seen on the edge of 
woodlands which under entirely natural 
conditions are usually either advancing or 
receding. Even when the forest has reached 
the stage of large trees, changes may slowly 
occur. Sometimes the seedlings of one 
species cannot grow well underneath the 
parent tree, while other seedlings can. Thus 
as the old trees die they are replaced by 
different kinds. 

In natural conditions such changes may 


take centuries, but often when man inter- 
feres we may see the succession developing 
more rapidly. In 1892 a small heather moor 
in the south of Scotland was visited by a 
few pairs of black-headed gulls. They were 
protected by the owner of the land, and 
fifteen years later there were over 3,000 
pairs nesting. 

The trampling of the ground and the 
droppings from the birds had caused a 
complete change in the vegetation; first from 
heather to grass, then to rushes, and then to 
docks. Pools of water had formed amongst 
the vegetation. The grouse had gone and 
were being replaced by teal. Then the pro- 
tection of the gulls ceased and the ground 
slowly but steadily returned to its original 
state as a heather moor. 

Applied Ecology 

The study of ecology is of enormous 
economic importance to mankind. In fact 
the whole of agriculture is a form of applied 
ecology. The farmer tries to get the best 
possible environment for his crops. He 
selects healthy seed from the best varieties, 
puts the optimum amount of seed in the 
ground at the best time of the year, and 
prevents competition by cultivation to 
destroy the weeds. Furthermore, he applies 
chemicals to make the soil richer, or to kill 
fungi and insects which may destroy the 
plants when they grow. 

In the fishing industry ecology is again 
of major importance. Some years ago, for 
example, the problem of winter-kill of fish 
in some North American lakes was studied. 
It was found that when the lakes froze in the 
winter the water below the ice might be- 
come deficient in oxygen. As long, however, 
as light could penetrate through the ice, 
photosynthesis went on in the microscopic 
plants in the water beneath, and small 
amounts of dissolved oxygen were formed. 
If, however, snow fell on the ice it acted as 
a blanket, cut out the light, the oxygen of 
the water fell and the fish were killed. Titus 
the death-rate of the fish in winter depended 
more on snow than on ice. 

In this brief survey of the field of ecology 
we have seen that it covers all the multitu- 
dinous relations between the living plants 
and animals and between these and their 




EMPEROR PENGUINS IN THE ANTARCTIC 
Instead of seeking a uwiner climate at the approach of winter, the Emperor penguin 
journeys southward to the Antarctic, where he breeds and rears his young in the cold darkness 
of the polar winter, safe from molestation by predacious land mammals. 


inanimate surroundings. It includes the 
effect of weather and climate; the fertility, 
length of life and death-rate of all organ- 
isms; the struggle for food and to escape 
being eaten; the effect of parasites and dis- 
ease; the seasonal changes during the year, 
and the slow changes due to alterations in 
climate or to the living creatures themselves. 
It includes migration and drift, hibernation 
and aestivation (winter and summer sleep), 
fluctuations of population numbers, and a 
thousand other problems. 

The ecologist can work in the laboratory 


with animals and plants under controlled 
conditions, where the complex factors of the 
environment can be analysed one by one. 
But his true place is in the field, observing, 
measuring, tabulating, photographing and 
mapping, thinking and planning; so that 
future workers can compare conditions in 
his time with those at a later date. The 
variety of problems is so great that there is 
room for all workers, amateur or profes- 
sional, provided that they w'ill be critical 
both in their observations and their inter- 
pretations. and accurate in their recording. 


Test Yourself 

1 . What is Ecology ? 

2. About how many different kinds of insects are there known to exist in 
England and in the world ? 

3. How many small living plants and animals may there be in the upper 
layers of the sea? 

. 4. What are the three fundamental causes of changes in the numbers of 
animal populations ? 

What are some of the immediate causes of changes in the numbers of 
animal populations ? 

6. What are the conditions that lead to a stable population ? 

7. What is the lemming ? and what is specially interesting about it ? 

8. What is Phenology ? 


Answers will be found at the end of the book. 
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ENEMIES OF MAN 

Some of the living parasites, commonly known as microbes, which cause infectious diseases. 
The dark patches in the two cocci and the anthrax bacillus slides are blood cells. 



CHAPTER XVI 


MICROBE AND MAN 


O UR knowledge and understanding of 
the world around us has been derived, 
in the first instance, as a direct result of the 
development of man's powers of observa- 
tion. We observe by means of our senses, 
which you will have read about in Chapter 
VI. Our sense of vision has told us more of 
the world around us than all our other 
senses put together, but the eye, like the 
other sensory organs, has its limitations; 
one of these is the inability to focus on the 
retina images of very minute or micro- 
scopic objects. 

Man's vision was much extended by the 
introduction of lenses, which enabled him 
to see more clearly things far away and 
things so minute as to be invisible to the 
naked eye. In Italy, early in the seventeenth 
century, Galileo was constructing tele- 
scopes and an imperfect form of compound 
microscope. With the former, Galileo be- 
gan the modem study of astronomy, but 
his microscope was too inadequate to re- 
veal objects of microscopic size. At about 
the same time, men in Holland were per- 
fecting the technique of grinding lenses, 
and some sixty years later an able Dutch- 
man, Leeuwenhoek, had made for himself 
a simple microscope which enabled him to 
sec for the first time such minute objects as 
red blood cells and spermatozoa. By 1683, 
he described and made drawings of small 
animals, creatures as small as "one thou- 
sandth part of a louse’s eye.” 

Leeuwenhoek's Microscope 
His microscope consisted of a single 
small lens of very short focal length, which 
he ground himself, and fixed in a metal 
frame. Attached to the metal frame was a 
little platform, or needle, on which the 
material to be examined was placed, and 
which could be moved towards or away 
from the lens by means of a screw, thus 
bringing the object into focus. Leeuwen- 
hoek was a draper and also a chamberlain 
of the Town Hall at Delft. He was con- 


stantly improving his skill and technique in 
grinding lenses and making microscopes, 
with the sole object of satisfying his great 
urge to investigate the secrets of nature. 
He is reputed to have m.ide over four 
hundred microscopes in his lifetime. 

The fortunate microscopist of today can 
buy, relatively cheaply, a beautiful piece of 
workmanship which is the product of many 
hands — the elaborate calculations of the 
mathematician whose formulae determine 
the shapes, number and spacing of the 
lenses; the laborio\Jsly acquired skill of the 
glass workers and lens grinder, and the pre- 
cision engineers who provide the metal 
framework to house the lens systems. 

Can you imagine the supreme joy of 
Leeuwenhoek, were he to come back to the 
world today and behold the modern micro- 
scope? Would he be mystified if he were 
told that the microscope's magnifying 
power was now limited only by the wave- 
lengths of light? That ultra-violet light is 
used because of its shorter wavelength in 
order to push the resolving power of the 
microscope still further? Who can tell? 
But he would most certainly pucker his 
wrinkled brow if he were told of the elec- 
tron microscope and the enormous magni- 
fications to be obtained by its use. 

A high-class microscope reaches its limit 
of magnification at about three thousand 
diameters, but with the electron microscope 
we may go with confidence up to fifty 
thousand, and perhaps up to two hundred 
thousand diameters. 

The microscope opened the door to un- 
suspected worlds, not only a whole world 
of hitherto unknown life-forms, or micro- 
organisms, but hundreds of structural 
secrets too fine for detection by the human 
eye. First, the fluids of the body, such as 
the blood with its yellowish globules; 
secondly, the organs and tissues of the body, 
which the microscope revealed to be built 
up of myriads of cells, each organ having 
its own cellular pattern and, further, that 
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ihc structural pattern of a particular organ 
IS almost identical from animal to animal. 
Hence was born the science of histology. 

In order to make the fullest use of the 
microscope in this study, men learnt the 
trick of cutting very thin sections of tissues. 
Students of botany to this day learn to cut 



ANTONY VAN LEEUWENHOEK 


Inventor of the first microscope. He made 
a study of tiny organisms which he called 
his " little animalcules." 

thin sections of plants freehand with a 
razor, supporting the tissue between two 
pieces of pith. This method was at one time 
used for the microscopic examination of 
animal tissues, but has now been super- 
seded by the use of a microtome. 

Pieces of tissues are removed from an 
animal and placed immediately in a solu- 
tion of formalin, or salts of the heavy 
metals, or a mixture of both, which kills 
and fixes the tissues in as life-like a form as 
possible. The water in the tissues is then 
replaced by wax and finally little blocks of 
wax containing the tissue are cast. These 
wax castings are then fixed in the micro- 
tome and an automatic feed enables the 
operator to cut very thin sections of the 
tissue, which the wax prevents from dis- 


integrating. Sections as thin as O.OOl of a 
millimetre (i.e., Ifi) may be so prepared 
and fixed to microscope slides for subse- 
quent examination. 

This is made the easier because the 
different tissues have the property of selec- 
tively absorbing dyes which enables the 
observer to differentiate cells, and even 
parts of cells. An extension of this tech- 
nique is the identification of specific chemi- 
cal substances, or structures, within the 
cell. Chapter 1 of this book could not have 
been written if there were no microscopes. 

Mention was made earlier of Leeuwen- 
hoek's little animalcules, or bacteria, which 
he observed in rain water, and later ac- 
curately described; he also drew many 
forms of bacteria which he found on his 
own teeth. His work on bacteria earned 
for him the title of Father of Bacteriology. 

Classification of Bacteria 

There is as yet no internationally recog- 
nized classification of bacteria. Research 
has been directed more to their physiology 
and the part they play in nature, than to 
cataloguing the enormous number of 
different recognized strains into genera and 
species. We may. however, attempt a 
rough classification of bacterial cells into 
three main types according to their shape : 

1. Some spheroidal in shape, and called 
“cocci,” such as streptococci, staphy- 
lococci or gonococci, etc. 

2. Some cylindrical and called bacilli, 
such as bacillus coli. bacillus typho- 
sus. 

3. Those looking like a corkscrew, such 
as the spirochaeta pallida of syphilis. 

The cocci are about one to two thou- 
sandth of a millimetre in size; the bacilli 
may be up to five thousandth of a milli- 
metre long and about one-thousandth 
thick. (The viruses, most of which are too 
small to be seen with the ordinary micro- 
scope, are the subject of intense work 
these days, but our knowledge of them does 
not lend itself to a brief review as yet. We 
cannot with certainty define them as living 
objects; they seem to occupy a position 
intermediate between living and non- 
living matter.) 

Relatively few bacteria are able to pro- 
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PUBLIC ANALYST AT 
WORK 

Food testing in a public 
analyst's laboratory. The 
modern microscope plays 
an important pan in safe- 
guarding the community. 


duce disease in animals or plants. Those that 
do are described as pathogenic, and those 
that do not as non-palhogenic bacteria. 

Bacteria play a useful part in the 
economy of life on this planet. The chemi- 
cal processes that are continuously taking 
place in the cells of animals are effected by 
substances known as enzymes. The activi- 
ties of these enzymes during life arc con- 
trolled and directed towards the well-being 
of the cell and through the cell of the 
animal as a whole. When the animal dies, 
the enzymes break down the protoplasm 
to ever simpler constituents. This breaking 
down is assisted by invading bacteria, and 
the end products of this disruption enrich 
the soil and make further life possible. 

This power of bacteria to break down 
and liquefy organic matter is extensively 
used in the disposal of sewage, whether it 
be in septic tanks or on filter beds. In (he 
former, most of the beneficial bacteria are 
anaerobes, i.e., bacteria which live in an 
atmosphere free from oxygen, while in the 
latter free oxygen is necessary to enable 
the aerobic bacteria to play their part. Under 
conditions prevailing in 
sewage beds, disease- 
producing bacteria which 
have been voided by 
human beings are largely 
destroyed. 

In the soil are bacteria 
which are able to fix 
atmospheric nitrogen 
and make it available for 
plants to assimilate and 
build up the proteins 
necessary for their proto- 
plasm. We find nodules 
on the roots of certain 
plants such as peas, 
lupins, etc., which when 
examined under the mi- 
croscope are found to be 


teeming with bacteria. In some herbi- 
vorous animals, digestion is assisted by 
bacteria which break down the cellulose 
of plants and liberate materials which 
the animal's own ferments can then digest 
and make assimilable. There is now a 
good deal of evidence that certain of the 
vitamins (for instance, members of the B 
group) are manufactured in the alimentary 
canal of animals and human beings by 
bacteria. 

Many industrial processes, such as the 
making of vinegar and acetone, are carried 
out with the aid of bacteria, and we must 
not forget their usefulness in the produc- 
tion of cheese. Thus, we sec that many 
bacteria are used in the service of man, and 
these may. therefore, be called benclicial 
organisms. 

That certain bacteria can produce dis- 
ease is now such common knowledge that 
few realize how relatively recently this 
knowledge has been acquired. From time 
to time, through the ages, views have been 
pul forward about the causation of disease, 
but none of these theories was based on 
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ELECTRON MICROSCOPE 
By employing a stream of pat. 
tides of electricity instead of a 
light beam this super micro- 
'•cope can magnify up to 
200,000 diameters as compared 
with a limit of 3,000 with an 
ordinary microscope. 


experimenlal evidence, which is the only 
criterion by which they may be tested and 
proved. The leper's cry “unclean” in bibli- 
cal times is evidence of some small recog- 
nition of the contagiousness of disease. The 
serious epidemics of plague in the Middle 
Ages strengthened this view, but no mea- 
sures of prevention, other than by isolation 
of the sick, could develop until the 
causative agents and the mode of their 
transmission were recognized and defined. 

We have seen that bacteria were identi- 
fied, drawn and described by Leeuwenhoek 
in 1683, but it required the genius of Pas- 
teur, in the latter half of the nineteenth 
century, to prove that these organisms can 
produce disease. This proof was achieved 
by careful scientific work, in which he 
learnt how to isolate and culture pure 
strains of bacteria, and to investigate the 
effects produced by the introduction of 
these organisms into animals and man. 
Lord Lister was quick to appreciate the 


importance of Pasteur’s dis- 
covery and he proved that the 
infection of wounds could be 
prevented by taking precau- 
tions to exclude the invasion 
of the wound by bacteria. 

This extension of Pasteur's 
work by Lister has enabled 
surgery to advance to an 
unparalleled degree, Men’s 
imaginations were stirred by 
Pasteur’s discoveries, and 
many investigators turned to 
this new and profitable study 
of disease, and their efforts 
have brought incalculable 
benefits to the health and well- 
being of man and animals 
alike; yes, and even to the 
vegetable kingdom. 

Bacterial infection may arise from con- 
taminated food or drink, from the air we 
breathe, by direct contact with infected 
persons (or animals), or through the skin 
as in wounds or insect bites. How does the 
food get infected ? Spontaneous generation 
of germs, a popular view at one time, was 
proved impossible by the brilliant re- 
searches of Pasteur and Tyndall. The germs 
must come from some person or animal 
who is either suffering from the disease or 
who is a “ carrier,” that is, a person who 
has recovered from a disease, but who 
still carries the infecting bacteria within 
his body. 


How Infection is Spread 
Let us take a few instances: suppose a 
man is suffering from typhoid fever, we 
should find his faeces and urine teeming 
with typhoid bacilli; his bed linen, clothes 
and utensils are likewise infected. Suppose 
further, his faeces are deposited in an old- 
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JOSEPH LISTER 

The great pioneer oj aseptic surgery. Basing 
his work on the (hscoveries of Pasteur, Lord 

Lister revolutionized the art of surgery. 

fashioned privy, flies would scltle on ihem 
to feed or lay iheir eggs, carry bacteria 
away on their feet and next land, say, on a 
milking bucket; a cow is milked, the milk 
is pooled and sent ofl' lo the dairy. The milk 
remains warm and Is a rich source of food 
for the typhoid bacilli, which multiply 
exceedingly, and unless the milk is steri- 
lized many people would be exposed to 
infection. 

Another possibility exists, the fluid in 
the privy may leak into a surface well, the 
water gets infected and is a source of 
danger, not only locally but over a wide 
area, if it be used without boiling for wash- 
ing dairy utensils. The dangers of careless 
nursing are too obvious to need further 
description. Now, if the man recovers he 
may still harbour bacteria, and occasion- 
ally when he micturates, or defaccates. his 
lingers will pick up some of the bacteria, 
not numerous enough of themselves to do 
any damage, but if he handles food (with- 
out first carefully washing his hands) he 
passes the bacteria to the food, where they 

Lt 


will multiply: and unless the tood is steri- 
lized by adequate heat, as in cooking, the 
consumers of the food are liable to inloc- 
tion. This is the usual way in which foods 
such as ice-cream become dangerous. 

This example is of a disease atfect ing the 
alimentary canal, and because it is trans- 
mitted by the excreta of infected persons 
we could classify it and similar diseases, 
such as cholera, etc., as excremental dis- 
eases. (We will deal with methods of pre- 
vention and spread of disease later.) Let u-S 
now take an instance of an airborne dis- 
ease. such as diphtheria. The infected 
person (or carrier) will have diphtheria 
bacilli in his nasal and bronchial secre- 
tions. and in saliva. When he speaks, or 
coughs or sneezes, droplets of the disease- 
carrying secretion are sprayed into the 
atmosphere. 

If the air is dr>'. the moisture in the tiny 
droplets rapidly evaporates and a fine sus- 
pension of bacteria is left in the atmo- 
sphere. In wide open spaces, or well venti- 
lated rooms, this suspension is rapidly 
dispersed and the danger considerably 
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Famous French chemist who discovered that 
fermentation is caused by bacteria. 







minimized: but in confined spaces the 
danger increases the nearer we get to the 
infected person. Diphtheria, tuberculosis, 
influenza, meningitis, mumps, whooping 
cough, measles and many other diseases 
are transmitted in this way. 

Certain diseases are transmitted by 
actual physical contact with an infected 
person. Some skin diseases are passed on 
in this way and so are the venereal diseases, 
syphilis and gonorrhoea. 

Insects play a large part in the trans- 
mission of a number of diseases. This they 
do by biting an infected person and thus 
infecting themselves. Future victims of the 
insect will not only suffer from the bite, 
but also from the disease the bite transfers 
to them. Mosquitoes transmit malaria in 
this way. Fleas are the carriers of plague; 
a human plague epidemic usually starts 
from infected rats — the rats die and the 
fleas from them hop on to men and infect 
them. 

There are places in the tropics where this 
disease is endemic (that is to say, persis- 
tent in a locality), and rats from these areas 
may get aboard ship and so carry the dis- 
ease to other countries: hence the precau- 
tions taken at ports to prevent rats from 
getting aboard or coming ashore. Formerly 
these diseases were stamped out by disin- 
fecting the clothing, etc., by heat and thus 
destroying the vermin, but nowadays the 


HEAD OF A HOUSE-FLY 
Dangerous insect upon which man must 
constantly wage war. It has six legs and 
carries the germs of many diseases on its 
feet. It sucks up food through its long 
proboscis with the aid of a muscular pump 
inside the mouth. 


introduction of D.D.T. has made it possi- 
ble to disinfest the population of a whole 
town in a very short space of time, and so 
nip an epidemic in the bud— as happened 
at Naples during the late war. D.D.T. has 
similarly been a boon in destroying mos- 
quitoes. which transmit yellow fever as 
well as malaria. 

The seasonal incidence of disease is too 
complicated to discuss adequately here, 
but a little thought about what has been 
said above will throw some light on this 
difficult problem. For instance, in warm 
weather bacteria will multiply rapidly in a 
suitable medium, likewise flies will breed; 
the combination of these two factors 
readily explains such diseases as the sum- 
mer diarrhoea of infants. In cold climatic 
conditions, human beings herd together in 
confined, and often ill-ventilated, spaces to 
keep warm, so we should naturally expect 
airborne disease to be more prevalent in 
winter. 


Sewage Disposal 

We are now in a position to deal with 
the precautions taken to prevent the inci- 
dence and spread of disease. Let us take 
the excremental diseases first. The problem 
here is to dispose of sewage in such a 
manner* that the disease-carrying matter 
cannot contaminate man's food and water 
supplies, nor yet act as a breeding ground 
for flies, rats, etc. In a settled community, 
this is accomplished as follows: in the 
home, water closets are designed with a 
water trap which makes a seal between the 
sewage pipe and the lavatory; the pipes 
outside the house are provided with an air 
vent which usually opens at roof level. 
The sewage pipes are collected into main 
sewers which are then led off for disposal. 
(Rain water from roofs, roads and so on 
may open into these sewers or may have 
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its own sewers which drain directly into 
rivers, etc.). 

If the town is near the sea. sewage is led 
off into the sea well off shore or. from an 
inland town, to sewage works or farms, 
where it is run into a series of filter beds. 
Here the beneficial bacteria break dow-n 
and liquefy the solid matter, and harmful 
bacteria die out in an environment hostile 
to them. The water from the final filter bed 
is now sufficiently purified to drain off into 
streams or rivers. The general public owes 
a great debt to medical officers of health, 
sanitary engineers and inspectors, and 
legislators who have made our sewage 
disposal so efficient and safe. 

Danger from Water 

A plentiful supply of pure water is 
essential for life and health. Infected water 
has been responsible for many epidemics 
of dangerous diseases, such as typhoid and 
cholera, and until this was realized out- 
breaks were common. In India, many 
thousands die each year of cholera, which 
they have contracted from drinking water. 
The last big epidemic of cholera in England 
occurred about the middle of the lost 
century and was responsible for over 
twenty thousand deaths. Towns are built 
on or near rivers for, among other reasons, 
a ready supply of water and also the dis- 
posal of sewage. 

If infected sewage is discharged into the 
river, towns downstream will have their 
water supply fouled and outbreaks of 
disease automatically follow. Fortunately, 
rivers tend to purify themselves by the 
following means: { I ) dilution by tributaries'. 
(2) sedimentation, (3) sunlight, (4) shortage 
of foodstuff on which bacteria can live, 
(5) salts and other substances in solution 
in the water of some rivers which make it 
difficult for bacteria to live and grow. 
Obviously, however, water from rivers. 

WATER PURITY TEST 
AH civilized countries today, where conditions 
permit, have complicated systems of water 
supply and sewage disposal. Another public 
analyst Is seen testing water from the local 
supply system for purity. 
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lakes, and other sources must be puntied 
before being drunk, if it is to be safe. 

In ci\ilized countries, we drink water 
from the tap without fear because we trust 
those responsible for our water supplies to 
do their work satisfactorily. This work con- 
sists of: (a) the clarification of water by 
sedimentation; (b) sterilization by means of 
a series of sand filters or else chemic;ils, 
such as chlorine (as little as one part in a 
million o! free chlorine will kill bacteria 
within the space of one hour); (c) storage 
in reservoirs. Water from deep (or artesian) 
wells tends to be free from bacteria, for the 
earth through which the water has perco- 
lated filters off particulate matter. 

Care must be taken to prevent surface 
water from leaking into such wells, for if it 
docs it may carry infection in with it. 

In America, laws have been passed which 
make it compulsory for all who arc hand- 
ling foodstuffs to be medically and bac- 
tcriologically examined before being al- 
lowed to work. The danger is especially 
great with individuals handling milk and 
milk products. The pasteurization of milk 
(i.e., heating milk for thirty minutes to a 
temperature of 145,150 degrees F. and 
cooling rapidly to below 55 degrees F.) is 
one method of getting round the danger. 
Sterilization of milk by boiling is even safer, 
but then the milk is not so palatable. 

The prevention of airborne diseases is a 
much more difficult problem, for no matter 
what official action may be taken, so much 







INFANT RECEIVING DIPHTHERIA IMMUNIZATION TREATMENT 
Diphtheria is an extremely infectious disease which at one time accounted for a high rate 
of mortality among children. Research workers eventually discovered a toxin which pro^ 
vides immunity from the disease without otherwise affecting the health of the recipient. 
This immunity is produced hy inoculation and is looked upon today as a normal precaution. 
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depends on the individual. The main 
features for the prevention of this t>pe of 
disease are : 

(1) The provision of adequate cubic 
space for each individual and avoidance of 
overcrowding. 

(2) Adequate (and preferably draught- 
free) ventilation. 

(3) Windows big enough to admit plenty 
of daylight (most disease-producing bac- 
teria are destroyed by sunlight, and even 
ordinary daylight is lethal to them, pro- 
vided they are exposed long enough to it). 

(4) Thorough cleansing of eating and 
drinking utensils. 

(5) Personal precautions, such as cover- 
ing the face with a handkerchief when 
coughing or sneezing, and prohibition of 
spitting. 

Remember that in the operating theatre 
surgeons and others wear gauze masks to 
prevent droplets containing baaeria falling 
from their noses or mouths into open 
wounds during operations. 

Immunity to Disease . 

By immunity we mean the complete (or 
partial) resistance of the host to infection 
by specific bacteria or bacterial products. 
This resistance can be classified as fol- 
lows: 

(1) Inborn or congenital immunity, e.g.. 
some species of animals and their off- 
spring are completely immune to diseases 
which kill other animals (or man). 

(2) Acquired Immunity. A child bom 
into this world is heir to numerous bac- 
terial diseases. Sooner or later, it will come 
into contact with infective organisms. 
Sometimes, the contact will be a massive 
one and the child becomes ill, sometimes 
the dose is smaller, and unless the child be 
undernourished it may escape the disease. 
L a t e r , further small infections present 
themselves and again the child escapes. 
Occasionally, it grows to adult life without 
having come face to face with the infeaing 
organisms. 

Now, if the citild contracts the disease, 
and recovers, it is found subsequently to be 
resistant to further attacks of the same 
disease, and similarly the child who has 
reveral times been in contact with the 


disease is often resistant to the disease. A 
method exists of ascertaining whether an 
indi\idual is immune or not to diphtheria. 
It is found by this method that the older 
the age group examined the fewer are the 
mdividuats susceptible to the dise,ise: 
similarly, it was disco\ered for the same 
age group that children of poorer districts 
are more immune than children of better- 
class areas. (This is because gently nurtured 
children tend to be kept in bed if they ha\e 
colds or symptoms of illness, and so do not 
infect their playmates.) 

We know, therefore, that we can acquire 
naturally an immunity to disease cither by 
having the disease (and of course recoser- 
ing) or else by getting many small doses 
of the disease-producing bacteria. 

Toxins and .Vntitoxins 

Now, some bacteria kill by invading the 
body and destroying the tissues of the 
body, others by producing poisons which 
when absorbed are lethal. These poisons 
we call toxins. If we culture diphtheria 
bacilli, we find that the toxin is liberated 
into the medium: now, if the bacteria are 
removed or killed, the medium containing 
the toxin is found to be lethal when in- 
jected into a susceptible animal. In the 
blood of an immune subject there is a sub- 
stance which is capable of neutralizing or 
antagonizing the toxin; this substance we 
call an antitoxin. 

The chemical constitution of these sub- 
stances is obscure — we know they are pro- 
teins, and also the type of protein, but 
until the chemistry of proteins as a whole 
adsances we cannot clearly understand 
what happens when an antitoxin neu- 
tralizes the to.xin. The antitoxins belong to 
a class of proteins found in blood plasma, 
called antibodies. Other members of this 
class are: (a) agglutinins, substances which 
cause foreign cells or bacteria to clump 
together or agglutinate: (6) Ix'sins. proteins 
which cause foreign cells, or bacteria, to 
disintegrate: (c) precipitins. which pre- 
cipitate colloidal matter. 

Now, when the body acquires an im- 
munity it does so because a specific and 
foreign substance (called an antigen) has 
entered- it by one route or another. The 
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organism then reacts to the specific antigen 
by producing (after a lapse of time up to 
ten days) a specific antibody which circu- 
lates in the blood stream. The antigen need 
not necessarily be bacterial in origin, it may 
be egg albumen, pollen, foreign blood, and 
so on, but even so an antibody specific for 
the exciting antigen is produced. This 
technique may be used for identifying sub- 
stances when straightforward chemical and 
physical means are incapable of finding a 
solution. 

Persistence of Immunization 
A specific antibody produced either by 
disease or by the injection of an antigen is 
at first present in a high concentration in 
the blood (called by bacteriologists a high 
litre); with the passage of time the 
amount of circulating antibody falls off, 
but never to zero. There is, however, an 
important difference between the reactions 
of a man immunized, say, twenty years ago 
and a non-immunized subject. If the antigen 
is again presented to the immunized man, 
his tissues immediately and without hesita- 
tion produce the right antibody to neu- 
tralize the antigen, whereas the non- 
immune person must wait seven to ten days 
before his body has learned the trick of 
synthesizing the specific antibody. 

(3) Artificially acquired immunity. From 
what has been said above it will be seen 
that immunity may be artificially produced 
through the agency of human beings. To 
illustrate how this is done two diseases will 
be dealt with, diphtheria and typhoid. 
Diphtheria bacilli produce a toxin which ' 
kills the cells of the body with which it 
comes into contact, e.g., bacteria grow in 
the throat and trachea, the membranes of 
these structures die, become detached and 
may choke the child, or the toxin gets ab- 
sorbed and destroys other tissues of the 
body. If the disease is not treated by anti- 
toxins (see below) over thirty per cent of 
its victims die. Obviously, such a potent 
poison as diphtheria toxin cannot be used 
as such to produce an artificially acquired 
immunity; it must be weakened somehow 
or other before being used for such a 
purpose. 

Early work showed that if the toxin be 


neutralized by antitoxin it may then be 
injected without causing much damage, 
but the uncertainty of the neutralization 
was a difficulty. Bacteriologists have learnt 
the trick of altering the toxin chemically so 
that it is still capable of acting as an antigen 
but incapable of killing cells. This is usually 
done nowadays by incubating the toxin 
with formalin and then precipitating the 
changed product with alum. The material 
is then standardized so that the subcu- 
taneous injection of 0-2 c.c., and one 
month later of 0-5 c.c. of this preparation 
will produce an adequate immunity in the 
recipient. 

This active, artificially produced im- 
munity protects the individual throughout 
life, either by altering subsequent disease 
so that it is only a mild form or else by 
giving complete protection from the disease. 
The introduction of this technique in 
1922-23 has so changed the incidence of 
diphtheria among protected children that 
the Ministry of Health has organized a big 
propaganda campaign to bring home to 
parents and others the wisdom of this pro- 
cedure. 

A few figures will illustrate this point. 
Some 15,736 children in a group of resi- 
dential schools were examined and all but 
258 were protected. In following the sub- 
sequent history of these children, it was 
found that the incidence of diphtheria 
among the non-immune children was 
22-5 per cent, while in the protected 
children it was only O-I per cent. We can 
conclude, therefore, from the experiment 
alone that the chance of being infected with 
diphtheria is 225 times greater in unpro- 
tected children than among the immunized. 

Passive Immunity 

Now, let us deal with passive immunity. 
When we are bom we inherit an immunity 
to certain infections which lasts throughout 
life, but in addition our mothers pass on to 
us some antibodies from their own blood. 
These substances pass across the placenta, 
but in some animals, such as the sheep, the 
antibodies are passed on to the young in 
the colostrum (the first secretion of the 
mammary glands after birth). 

These preformed antibodies do not last 
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THREE MACRO- 
PHAGES IN A TISSUE 
CULTURE 

The bacteria are in- 
vested by cells which 
have fused toyether for 
the purpose. 

are many thousands 
of people alive today 
who owe their lives, 
not only to the doctors 
and nurses who treated 
them but also to (he 
careful work and skill 
of the scientists who 
have mad; the power- 
ful weapons with which 
to attack the disease or 


for long and are Nature's way of helping 
the young until the time when they can 
make their own. 

This condition, which is only temporary, 
we call a passive immunity. We can pro- 
duce this condition artificially by either' 
injecting blood taken from a convalescent 
subject (as in measles) or else by im- 
munizing an animal and then injecting the 
immune animal serum into a human being 
(as in diphtheria). This can be done pro- 
phylactically (for a child that has been 
exposed to disease) and so help ward off 
an attack of the disease, or else thera- 
peutically, that is, to a child suffering from 
the disease to tide it over until it can make 
its own antitoxins. 


defend the patient. 

So far. we have dealt only with one aspect 
of immunity, viz. the immunity conferred 
on an animal by virtue of the antibodies 
circulating in its blood or body fluids, and 
called the humoral aspect. In addition to 
this, there are defence mechanisms by 
which certain cells of the body can eat up 
and destroy invading organisms and 
foreign material (and, for that matter, dead 
or efifetc material of the animal's own 
tissues). This aspect we call cellular im- 
munity. (To be strictly accurate, cellular 
immunity is somewhat wider than this 
narrow definition, but we have not space 
here to deal with the sub-divisions of this 
type of immunity.) 


As has already been staled, diphtheria 
toxin is a very potent substance and if it 
is allowed to go on circulating in a child’s 
blood siream the damage done increases 
very rapidly, so much so that whatever we 
do, one in every three children will die. 
Now. if we can diagnose the condition early 
and inject the antitoxin on the first day of 
the disease, then the mortality is reduced 
from thirty per cent to about one-third 
per cent; if antitoxin treatment is left 
until the third day of the disease, then 
the mortality rises to nearly four per cent 

and on the fifth day to over twenty-one 
percent. 

It will be readily understood that there 


Defensive Ceils 

The body contains two types of cells 
which take part in this function: (n) the 
white blood cells, or leucocytes, and 
{b) macrophages. The former, which have 
been dealt with in Chapter VIII, are 
present in circulating blood to the extent 
of seven thousand per cubic millimetre of 
blood, and are continually passing by the 
whole of the tissues of the body. Should 
bacteria gain an entrance to the tissues, 
then these circulating leucocytes can make 
their way through the walls of the blood 
ve^ls at that spot and attack the in- 
vaders this they do by throwing out part 
of their cytoplasm around the bacteria and 
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engulfing them. This process is called 


phagocytosis. 

Should the cells be faced by small 
numbers of bacteria, these are readily 
mopped up. Some bacteria are very viru- 
lent and may kill the phagocytes, multiply 
in the dead cells, escape and repeat the pro- 
cess. If this goes on, the animal will die. 
Fortunately for the animal kingdom, the 
vast majority of bacterial invasions are 
defeated, frequently without the individual 
being conscious of it. The pimple, boil, 
abscess and carbuncle are instances of in- 
fections of increasing severity which are 
commonly met with, but for every car- 
buncle we see there are many thousands of 
pimples which come and go with little in- 
convenience to the sufferer. Should an in- 
fection become established, many leuco- 
cytes will die and become the yellowish- 
white matter or pus, which is discharged 
from an abscess. The stimulus which made 
the leucocytes leave the blood vessels, is, 
we believe, a chemical one but as yet we 
are unaware of its exact nature. 

The same stimulus, or substance, will 
also act on the parent cells in the bone 
marrow, and make them reproduce leuco- 
cytes at a much faster rate, with the result 
that the number of circulating leucocytes 
will increase considerably. When the blood 
of an infected person is examined, it is 


LOCALIZING IN. 
FECriON 

Liver of an animal with 
peritonitis, showing 
how macrophages have 
set up a protective 
barrier between the 
infected area and the 
healthy liver. 

invariably found to 
contain more leuco- 
cytes than normal 
blood, and this in- 
crease of defence 
forces is one obvious 
means of his recovery. 

The other system of 
phagocytic cells is 
more complicated and 
was discovered acci- 
dentally. If a colloidal dye is injected 
into an animat, some of it escapes in the 
urine and some stays behind in the body 
for an indefinite time, perhaps for life with 
certain types of dye. If the animal is killed 
some days after the injection and its tissues 
are microscopically examined, the dye is 
found to be stored in cells, scattered 
throughout the body (except in nervous 
tissue). These cells so delineated have been 
called the reticulo-endothelial system, a 
somewhat cumbersome name. It is simpler 
to call them the macrophage system. 

This name was given to them by Metch- 
nikoff, a distinguished Russian scientist, 
who investigated the reactions of the tissue 
to infection and first described the role of 
the leucocytes (which he called micro- 
phages) and macrophages in this con- 
nexion. He used the micro- and macro- 
prefix to discriminate the size of these cells 
as well as their potency. The distribution 
of the macrophages throughout the body 
is very interesting in that they are to be 
found at strategic points where they can 
achieve their function best. 

Body Fluids 

The fluids of the body are threefold: 
(1) tissue, (2) lymph, (3) blood (in the 
nervous system the situation is different; 
here the tissue fluid and lymph are one 



FUNcrroNs of the macrophages 


331 


and the same, called cerebro-spinal fluid), breaking down wom-oui blood cells. The 
Bacteria migrate in the body by means of macrophages in the liver will remove cer- 
one or more of these fluid systems. As in- lain vitamins from the blood and pass them 
vasion may take place by each of these on to the liver cells for storage, or again 

routes, we should anticipate a defence those in the bone marrow remove iron from 

system' planned accordingly. We can the blood and pass it on to other cells for 

classify the macrophage system, therefore, the manufacture of haemoglobin, the 
as: (fl) those within the circulation, and * oxygen-carrying pigment of the red blood 
here found to be in the liver, spleen, bone cells. 

marrow and certain glands; (b) in the To return to the question of infection, 
sinuses of lymph glands through which all The course of events is as follows: when 
lymph must flow sooner or later; (c) in invasion occurs, the relatively few local 
tissue fluid spaces throughout the body. macrophages will do their best, but are 
The liver furnishes a good example of soon reinforced by leucocytes which, as 
strategic distribution. The lumen of the we have said, leave the blood stream near- 
intestines is teeming with bacteria and the by for this purpose. Many more leucocytes 
blood from there must go through the will be brought hither by the blood as the 

liver before entering the systemic circu- bone marrow gets busier. After three days, 

Jation. the same substance which stimulated the 

Suspended from the walls of the liver marrow to produce more leucocytes, has 
vessels are macrophages which sway to had time to stir up the macrophage system 
and fro in the stream of blood flowing in general (this is indicated by the swelling 
past them, and any foreign body floating of the lymph glands draining the infected 
by is rapidly seized and dealt with. area). 

Similarly, in the lymph gland, macrophages These cells multiply and migrate to the 
attached to the walls df the sinuses can site of infection. When they reach there, 
ingest any bacteria or other matter that being more powerful cells, they take corn- 
drains from the tissues through a par- mand of the situation and as well as- 
licular gland. destroying the invading forces they set up 

Nature is always economical and these a barrier, walling off the infected tissue 
cells illustrate this point. Infection is an from the surrounding healthy tissue, and 
eventuality that may seldom happen, so so localize the infection. Later, they will 
we find that many other functions are per- eat up the dead and dying tissue and make 
formed by the macro- 
phages. For instance, 
they are general scav- 
engers and remove 
dead or unwanted 
tissue. Those in the 
spleen are kept quite 
busy removing and 


WORK OF 
MACROPHAGES 

Liver of animal with 
macrophages distended 
with Indian ink. The 
ink wAj injected info 
the blood stream dur- 
ing life and removed 
therefrom by the 
macrophages. 





PENICILLIN RESEARCH 
WORKER 

Dr. Chain, a biochemist and 
a refugee from Nazi Ger- 
many. was one of the 
pioneers in the work on 
penicillin in Britain. He is 
seen with his assistant adjust- 
ing a re/lex condenser over a 
flask in part of the technique 
in the isolation of penicillin. 

one. Misguided because in 
general this viewpoint is 
anti-biological, in that sub- 
stances which are poisonous 
for one form of life are 
frequently, although not in- 
variably, inimical to all 
forms of life. The first 
success in this field is to be 
attributed to Ehrlich, a 
German scientist, who dis- 
covered salvarsan (or 606, 
which is the number on the ' 
list of substances he syn- 
thesized or tried) an organic 
arsenic compound used with 
great success in the treat- 
ment of syphilis. 

It is through the agency 
of the macrophage system 
that salvarsan becomes 
effective. We believe that 
the macrophages ingest the 


way for the reparative processes, which we 
call healing. 

In addition to these actions, we believe 
they play a part in the manufacture of 
antibodies. We know now that the anti- 
bodies discussed earlier in this chapter are 
manufactured in the lymph glands, and it is 
highly probable that the cells which destroy 
the antigens, in doing so, learn something 
of the chemical structure of those bodies 
and so are enabled to build another sub- 
stance — the antibody— to combat it (as a 
locksmith may produce a key to fit a lock, 
if he can see inside it to investigate the 
wards). 

The advent of the knowledge that bacteria 
may produce disease, stimulated research 
workers to find an antiseptic which could 
be injected into the body and so kill the 
bacteria without at the same time injuring 
the animal or human being. This search 
has been a long and sometimes misguided 


compound and break it down, thus 
liberating arsenic in a form that is 
lethal to spirochaetes in their locality. 
During the past twelve years we have seen 
remarkable advances in this form of treat- 
ment. The sulphonamides were introduced 
in 1935 and soon radically changed the 
course of certain bacterial diseases: for 
instance, puerperal fever, which was a 
killing disease attendant on childbirth, lost 
its terrors and came under control. Some 
bacterial diseases are not affected by the 
sulphonamides. Experience and research 
have told us which of the sulphonamides 
are effective against particular bacterial 
diseases and also how these synthetic 
chemical substances act. They are not anti- 
septic, by any means, and if the doctor 
wishes to inject them into the body he has 
to be sure that they are sterilized first. 

If they are not antiseptics, how then do 
they act? The answer to this is as follows. 
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Some bacteria need to feed on a chemical 
substance of a similar nature to sulphona- 
mides in order to grow, and if the con- 
centration of sulphonamides in the body 
fluids is sufficiently high the bacteria are 
unable to utilize this substance and so are 
unable to reproduce. The number of in- 
fecting bacteria in the body is therefore 
limited, and the phagocytes, previously 
discussed, are readily able to cope with the 
invaders. Substances of this kind are called 
anti-ltiotics. 

One significant and fundamental pro- 
perty of living matter is the power to adapt 
itself to its environment ; if adaptation is 
not achieved death is inevitable, and so it is 
with bacteria, and herein lies a danger of 
indiscriminate use of sulphonamides. Some 
bacteria are able to adapt themselves to an 
environment containing sulphonamide and 
become what is called sulphonamide- 
resistant strains. Should a human being 
thus produce a sulphonamide-resistant 
strain of bacteria, the development of the 
disease cannot be checked by the use of 
this drug. It should be widely known, 
therefore, that the indiscriminate use of 
the sulphonamides may be a source of 
danger not only to the individual taking it 
but also to the community. 

Another great triumph of recent years is 
the discovery and use of penicillin in the 
fight against disease. Sir Alexander Flem- 
ing noticed that a fungus prevented the 


growth of certain pathogenic bacteria. Me 
identified the particular fungus as Peni- 
ciUium noiaitiin: he further showed that the 
fungus produced a substance which was of 
itself able to inhibit the growth ol bacteria. 
Sir Howard Florey and his colleagues 
followed this up and succeeded in isolating 
and purifying this substance so that it 
could be injected into human beings with- 
out producing any harmful effects. 

This later work was done largely during 
the war years and, fortunately, was 
sufficiently far advanced to be used on 
wounded soldiers with spectacular success. 
It is too early yet accurately tq assess the 
ultimate value of penicillin in the treatment 
of the many and varied bacterial diseases, 
but it is already certain that a number of 
diseases othenvise fatal can be cured by the 
use of penicillin. 

Research workers in many lands arc 
searching for more of these chemo- 
therapeutic substances so that cures may 
be found for diseases which as yet have 
defied us. There are signs that a sub- 
stance will before long be found to treat 
the dreaded disease of tuberculosis. 

We have every reason to be grateful to 
these patient and often brave men. who, 
since Leeuwenhoek gave them eyes, have 
investigated the world of bacteria. They 
have learned much about our unseen foes, 
and discovered many fine weapons for our 
defence. 


Test Yourself 

1. What are antibodies and where are they formed? 

2. What is meant by “ acquired immunity ” ? 

3. In what ways are bacteria useful to man ? 

4. What may be the consequences of drinking impure water? ‘ 

5. Describe some of the functions of the macrophage system. 

Answers will be found at the end of the book. 



AGRICULTURE IN THE SIXTEENTH CENTURY 
Domestkalion of animals and ciiUivalion of the land are among the oldest occupations of 
man. The picture, which is reproduced from an old Flemish print, shows the type of horse- 
drawn plough used in the early sixteenth century. A young orchard is seen on the right. 













CHAPTER XVll 


MAN AND NATURE 


F or all living things, life is a constant 
struggle. A struggle for food, for light, 
for air, a struggle against enemies, a 
struggle for existence itself. Every living 
thing has its enemies, not necessarily other 
animals or plants, but anything which 
makes life difficult or impossible. 

Man’s enemies are legion. The very fact 
that his mode of life has become so com- 
plicated. has increased the natural forces 
ranged against him. But his physique and 
superior intellect have given him the ability 
to control these forces to a great extent and 
to bend them to his own ends. 

In many directions, his achievements 
have been wonderful. &ientific cultivation 
has improved the food value of many 
plants, to the benefit of man and other 
animals. Selective cross-breeding has pro- 
duced herds of healthy animals. Man has 
learnt how to utilize even artifical com- 
binations of chemical elements for clothes 
and adornment, and. more latterly, his 
war on the minute organisms which cause 
disease among men and animals, has pro- 
duced some marvellous results. 

Unfortunately, many mistakes have also 
been made, sometimes through ignorance, 
sometimes through greed, but largely 
through not looking sufficiently far ahead. 
Slowly, man is beginning to realize that 
things which are taken away must be re- 
placed. But he has still much to leam of the 
devious ways of nature. He needs to study, 
far more closely the influence of plants and 
animals upon one another, and the possi- 
bilities arising from any interference with 
natural phenomena. Above all, he needs to 
be very careful how he upsets the balance 
of nature. 

Originally man, like most animals, took 
food as the wilds presented it to him. If 
times were good he fared well; if bad, then 
badly. A day came when instead of relying 
solely on wild plants for food, he began to 
grow them for himself. Then he learned to 
domesticate animals, and some of them. 


the cow, the sheep, and the goat became 
permanent, or semi-permanent, sources of 
food. This was during man's nomadic 
stage, pictured for us in the Bible in Abra- 
ham’s time, and still surviving to some 
• extent in the East and Middle East. Gradu- 
ally. communities settled down, homes were 
built and civilization, as we know it, began. 

Improving on Nature 

Since that time, man has set himself to 
produce better and better cattle and sheep 
(from iiis point of view) and better and 
better wheat, maize and other cereals, also 
fruits and vegetables, and, further, he has 
learnt how to keep food over a period of 
scarcity from one harvest to another. 

As regards domestic animals, he pro- 
tects them from wild animals and to some 
extent from the weather. He does not leave 
them to fend for themselves entirely. The 
ewes of mountain sheep are brought down 
to the more sheltered and fertile valleys 
before the lambing season. Cattle are fed in 
the winter and early spring months from 
stores, or, for example, hay collected, 
perhaps, the previous year, or specially 
grown roots and cabbage, or from the 
residue of vegetable seeds, etc., used in the 
making of oils (linseed, peanut, palm 
kernel). In all this, man is interfering with 
the course of nature and he interferes so 
that he may have more food to feed him- 
self and his livestock. 

Then, he breeds animals especially for 
definite qualities. If he wants quantity of 
milk he produces the Friesian black and 
white cattle. If he prefers quality, then the 
Guernsey or Jersey. And, once having pro- 
duced his strain, he tries to keep it pure. 
This is distinctly against nature. Further, 
as he wants milk in the winter as well as the 
spring, he encourages his cows to produce 
“ back-end ” calves — calves born in the 
autumn. 

It is more normal for them to produce 
calves in the spring, with the result that 
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ihcrc is a surplus of milk in the spring or 
summer and a deficit in the winter. Man 
interferes again. Breeding for milk produc- 
tion for man is in itself an interference. In 
its natural state, the cow produces just 
enough and no more than enough for the 
calf, a \ery few hundred gallons. Man en- 
courages the cow. by feeding and careful 
selection in breeding, to produce on the 
average se\en hundred gallons a year, and 
the best milkers double oresen treble that 
amount. If that quantity of milk were fed 
to the calf, it would die! 

Now. the production of large amounts of 
milk is an inherited character and is 
handed on. oddly enough, via the bull. 
Man is interfering again. He wants, all over 
the civilized world, to raise the standard of 
milk production in cows. One bull can 
father many more caKes if artificial in- 
semination is adopted, and it is now being 
widely used. 

Just the same occurs in plant breeding. 
Wheat has been one of man's chief articles 
of diet from prehistoric days and there are 
evidences from earliest times of his efforts 
to improve the crop, not only from the 
point of siew of greater yield but also of 
better quality of grain. More recently, he 
has begun to culti\atc it for particular 
qualities such as ability to stand up to 
heavy rain, or resistance to infection with 


rust combined with heavy yield. In Canada, 
they are cultivating wheats to increase the 
yield of vitamin Bl. Already they have pro- 
duced wheats to crop quickly, so that they 
ripen in the short but intense summers of 
northern Canada. 

And the same is true of maize; the Rose- 
Innes research station has bred a maize 
which will ripen in the queer varieties of 
weather which go to make the English 
summer. Similar principles have influenced 
fruit and vegetable growing ; quantity of 
yield, appeal to the eye and palate, time of 
maturity and now, more recently, vitamin 
values. Always man's aim has been to en- 
courage nature to produce something more 
valuable and attractive to himself. In doing 
this, he has sometimes landed himself in 
grave difficulties. 

In recent years, man has turned his atten- 
tion and his scientific knowledge to the con- 
trol of pests by biological means. Animals, 
fungi, bacteria and viruses find man’s food 
(both animal and vegetable) to their taste. 
If man is careless in the growth, storing or 
scattering of his food, these pests multiply. 
Rats infest the wheal slacks and the gran- 
aries. Rabbits thrive around his farms. 
Slugs, snails and caterpillars devastate his 
lettuces, cabbages and so forth. Plant lice 
attack all his succulent fruit bushes, and. 
worse, .carry viruses which destroy their 


THE GOOD EARTH 

Successful naps depend largely upon die proper preparation of the ground. After ploughing, 
a harrow is used to break down the soil into fine particles and make a good seed-bed. 







PROBLEM OF CONTROLLING PFSTS 




EXPERIMENTS IN WHEAT CULTURE 

Samples of wheat grown at the Rothamsted Experimental Station. Hertfordshire, showing 
the effect on plant growth of adding artificial fertilizers, including stdphale of ammonia, 
in increasing quantities, to the soil. Plot No. 3 has received no manure for a century. 


power of yielding fruit. Microbes grow in 
milk and sour it or transmit disease. 

In producing fine vegetables and fruits 
for himself, man has given the pests their 
chance, and they take it. Now, he is faced 
with the necessity of getting rid of the pests, 
but so far he is only in the process of learn- 
ing how to control them. One of the chief 
methods of destroying insect pests is to 
spray the plants on which they feed with 
poisons such as derris, pyrethrum or nico- 
tine solutions. More recent remedies are 
DDT and Gammexanc. Slugs and snails 
can be killed by metaldehyde. Fungoid 
blights which thrive on fruit and vege- 
tables are treated with tar-oil and lime- 
sulphur sprays and with Bordeaux mixture. 

Agriculture and horticulture present one 


long struggle against pests. If the potato 
blight gels a hold, the potato crop will be 
lost. The fiea beetle will ruin the turnips; 
the caterpillar the cabbage crop; and sundry 
moths and other insects the apples. It is an 
endless fight. Now, in all this, man is pit- 
ting his hand against nature and he has to 
ask himself whether his methods of breed- 
ing animals and plants for particular pur- 
poses, or, indeed, any of his agricultural 
methods, may not bring worse troubles in 
their train. 

It has to be admitted that often he has 
made disastrous mistakes in the past and 
still is doing so. A typical example can be 
seen in northern Nigeria. The native, to 
grow his yams, which need a highly nutri- 
tious soil, hacks down a patch of the jungle 
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FARMER’S PEST 

The Mexican bean beetle is one of the 
fanner's most destructive pests. Both 
adults and larvae feed on the bean leaf and 
will strip a plant of its foliage in a short 
lime. The picture in the lop left shows 
the larvae hatching from the egg and 
already setting to work devouring the bean 
leaf on which they have been hatched. On 
the right (top) is a magnified picture of 
the Mexican bean beetle larva. Its back is 
covered with irec-like spines. The next 
picture (on left) shows the insect shedding 
the larva skin. On the right is the adult 
beetle and (below) adults and larvae feeding 
on a bean leaf. Fortunately, means of 
destroying such pests are available today. 


HOW JNTERFERtNCE MAY BL DISASTROUS 
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COLORADO BEETLE 
Pest, common in North 
and South America, which 
feeds on the potato plant. 
Its depredations are so 
serious that in an en- 
deavour to keep it from 
spreading in Britain, any 
person finding one is re- 
quired to notify the.author- 
. ilies immediately. 


and plants his yams in the mass of detritus 
of leaves below. In doing so he ruins valu- 
able timber. Also his yams soon exhaust 
the soil and the native moves on to a new 
patch. The jungle never properly remakes 
itself; what soil there is. is washed away by 
the heavy rains, and the desert advances. 

We can. perhaps, forgive the native mind 
its lack of knowledge and prescience. But 
civilized man has done, and is still doing, 
much the same. Particularly is this in 
evidence in the prairies of the United States 
and Canada. Man has ploughed up grass- 
lands, sown them with wheat and used 
artificial fertilizers, instead of replacing the 
humus (decaying and dcatyed vegetable 
fibres which bind the soil together). Ram 
has washed away this soil into the rivers, 
whence it has been carried to the sea; and 
this process has created the notorious dust 
bowls of the prairie provinces and states. 

Apart from this, his 
ploughing hasoften result- 
ed in the same thing. If he 
ploughs across the con- 
tours of the land, the 
natural drainage carries 
away the soil into the 
rivers and it is lost. To 
prevent this, contour 
ploughing is essential and 
is widely preached though 
not always adopted. Simi- 
larly, the destruction of 
trees has left the soil open 
to the eroding effects of 
rain, and again the soil 
has been washed away. 

The Tennessee valley is 
a grave exampi? of this. 


Further, the denuding ol' tracts ol the 
country oflhcir lb^e^ts has altered the rain- 
fall and has turned an area of umsider.ibie 
precipitation of rain into one of drtiuglu. 
Consersation of the soil and the tnain- 
lenance of forest belts to encourage pre- 
cipitation of ram and to act as windbreaks, 
are essential in a sound agriculture. 

In animal breeding, man, in his desire Ibr 
highly specialized types, has run into dilli- 
culties. If you specialize hens for laying 
eggs, they lose their instincts for sitting and 
bringing up of a brood ofchickens. That en- 
tails the use of incubators and artificial 
brooders. Now, however ellicient these 
machines are. the loss of potential chicken 
life is very much greater than if the eggs 
are hatched under broody and maternally- 
minded hens. 

The breeding of cows for high milk pro- 
duction puts such a strain on them ihiit 
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they easily succumb to bovine tuberculosis. 
In man's desire to reap a quick return, he 
imposes frequent pregnancies on the cow 
and this lowers resistance to tuberculosis 
and he defeats his own ends. The evolution 
of a specialized animal often has entailed 
inbreeding, or mating of closely related 
animals. 

Now. carefully controlled inbreeding, 
with culling of animals that show physical 
weaknesses, may produce a robust stock. 
For example, the Wistar Institute Labora- 
tor>’ rat. produced by brother-sister mating, 
has resulted in a sturdy standardized stock. 
But careless inbreeding often, indeed 
usually, enables unsatisfactory charac- 
teristics to show themselves. Inbred stocks 
often show marked susceptibility to dis- 
ease, Much more scientific knowledge than 
is at the disposal of, or is used by the 
farmer, is essential to successful inbreeding. 

Upsetting the Balance 

The introduction of Old-World species 
of animals and plants into new countries 
has often worked havoc. Man upsets the 
balance of nature and pays the price. The 
best examples of this are the introduction 
of the rabbit and the cactus into Australia. 
The natural enemies of the rabbit were 
absent in Australia, so their multiplication 
was unrestricted and has entailed the 
making of hundreds of miles of rabbit- 
proof fencing in that country to stop the 
depredations of these destructive animals. 

Sometimes, the importation of the 
natural enemies has proved of avail, but it 
needs the greatest care and foresight. The 
classical example is the introduction of 
ladybirds into California to defeat the 


activities of the scale insect, which was 
ruining the crops of oranges and lemons. 
In this case it worked wonders, but there is 
always the danger that the introduced 
animal may turn its attentions in directions 
other than the u'>eful one. 

Califoraian Fig Problem 
Insects which keep the cactus within 
bounds in the Argentine have been intro- 
duced into Australia to check the rampant 
growth of that plant, and so far with 
apparent success. Another example of the 
use, but not of the danger, of imponing an 
animal is seen in the growing of figs in 
California. Figs from Greece grew well in 
California but never made satisfactory 
fruit. It was discovered that the attentions 
of a particular kind of wasp are necessary 
for the fertilization of the flowers within 
the fig. These wasps were imported and 
the Californian fig trees then proceeded to 
set fruit. As there is a highly specialized 
relation between the figs and that species of 
wasp, there is little danger that those 
animals will ruin other crops. 

As mentioned above, the breeding of 
organisms specialized for a particular 
purpose opens the door to disease. So do 
many of the methods of agriculture. 
Naturally, the husbandman plants many of 
the same kind of plant close together. He 
gathers his apples into an orchard and his 
fruit bushes into a fruit farm. Consequently, 
fungus spores have much less distance to 
travel from plant to plant than they would 
in natural conditions, and so fewer “ fall 
by the way ” on unfertile soil. 

The aphis (plant louse) carries a viims 
disease which affects strawberries. Wind 

can carry aphides a mil^ 
so that you cannot rear 
viius-free strawberries 
within a mile of tainted 
stock. How much easier, 
therefore, it is for an aphis 

COLORADO BEETLE 
LARVA 

Close-up of the larva 
showing body distended 
after eating large quantities 
of potato plant leaves. 




10 carry the disease to a plant eighteen 

inches away. , 

The relationship between agriculture, 
game preservation and disease can be 
illustrated by sleeping sickness and by 
nagana. a closely related disease in 
domestic animals in Africa. These diseases 
are carried by the tsetse fly. Life becomes 
impossible for men, horses, mules and 
donkeys where the tsetse fly abounds. 
Now. scrub bush harbours this insect. To 
get rid of it. you destroy the bush. But this 
opens the way to soil erosion, so the remedy 
is almost as bad as the disease. Moreover, 
nagana is not fatal to the native antelope 
and probably the native buffalo, though a 
carrier, is not killed by it. Game preserva- 
tion, therefore, encourages nagana. 

It would appear that the best way of 
making the present haunts of the tsetse fly 
habitable to man and his domestic beasts 
is to trap it, or possibly to kill it with 
D.D.T. or Gammexane. Some have advo- 
cated the destruction of the natural 
reservoirs of nagana, that is, the antelope 
and the buffalo, but. there, sentiment 
interferes. It must be confessed that the 
destruction of natural fauna, even though 
they are potential sources of disease, 
is repugnant to most people to-day. 




Man the Destroyer 

Man has often been called the arch 
destroyer. From his earliest days, he has 
unted and destroyed animals. At first, he 
was largely dependent on them both for 
food and for clotliing. Later, he hunted 
animals for sport or pleasure. Many species 
of plants, as well as animals, were wiped 
out from some parts of the world, while 
others were destroyed altogether. 




.SWARM OF LOCUSTS 

Plague of man since ancient days. Locusts 
are migratory insects which swarm in dense 
clouds. When they descend to breed, they 
strip 'all surrounding vegetation. Below is 

a close-up of this destructive insect. 

Quite a long list could be compiled of 
animals which have been blotted out of 
existence during the last two centuries 
alone. Steller’s sea-cow, a creature not 
unlike a huge porpoise, was hunted for its 
valuable oil and exterminated within 
twenty-seven years of its discovery. The 
quagga, a kind of half-striped zebra, fell a 
prey to the collector’s mania. Among birds, 
the dodo is a well-known example; and the 
moa of New Zealand, an ostrich-like bird. 





disappeared about the middle of the means that the female should be protected 
nineteenth century. during pregnancy and lactation, if not 

Even the rivers and oceans have not been throughout life, but how the harpooner can 
safe from man's rapacity. Here again, he hope to distinguish females at sight pre- 
has helped himself so freely that some areas sents a problem. This difficulty has not yet 

of the sea have become completely fished been solved. And if we fish out the whales, 

out. The disastrous results of fishing out, farewell to an important source of oil for 
or overkilling, are well illustrated by the the manufacture of margarine and other . 
position in the whale industry to-da^. The valuable by-products, 
whale, of course, is no fish, but a mamma! For centuries, man continued on his path 

which has taken to the sea. So grave have of destruction without giving a thought to 

been the depredations of man in search of replacing or renewing the riches of which 
whalebone, blubber oil and. now, meat he availed himself so lavishly. But at last, 
(whale steaks are edible) that the Arctic he began to awake to the fact that the 
seas are almost denuded of whales. As is bounties of nature^re not inexhaustible and 
well known, whaling is carried on chiefly that if he were not more provident, 
in the Antarctic regions, and the whaling supplies would eventually dry up at the 
stations are in South Georgia and the source. 

Falkland Islands. Laws were introduced, known as game 

The problem of preventing further deple- laws, limiting or prohibiting the destrucuon 
tion of the whales is made more difficult by of certain animals and bir^. In the United 
the fact that whales are mammals. This States and Canada (and in other parts o 




the world), large areas of land have been 
enclosed as national parks, where wild 
animals live in their natural surroundings, 
undisturbed. Bird sanctuaries and zoos are 
common in most civilized countries today. 

Steps have also been taken to safeguard 
the world’s fishing grounds by such ex- 
pedients as prohibiting the use of nets with 
too small mesh and by suspending fishing 
for certain species during the breeding 
season. Complete control of the danger of 
depletion of fishing grounds will only be 
possible when we know much more about 
the food of fishes (the plankton and nek- 
ton), about the oceanic currents and the 
migration of fish in search of their food. 
Much has been done to elucidate these 
problems: much remains to be done. And 
there is the possibility of extending the use 
of fish hatcheries, where the eggs are arti- 
ficially fenilized and the young fish reared. 

All this goes to show the futility of the 
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WILD LIFI-- PRI SI R\ \1 ION 
Iti order lo prewne '»('/(/ li/e. holh plonl 
and a/iiiiial. from i-eicimmulioii, (iiea\ 

have been set ii\ide in many pails of ihe 
world when' the nalimd inhahiUinis mav 
live unmolested. Ihe photos'raph shows 
wildebeeste and zebras in the famous 
Kruger Sational Paik, South AJrica. 

short view against the long \icw. I ho 
natives of Nigeria, taking the sliort view, 
rum the jungle by cultivating their yams in 
Its detritus after they have cut down the 
trees, and allow the desert to overwhelm 
the jungle. In the prainc provinces of the 
U.S.A., the farmer has cashed m on the 
stored fertility of the grasslands and left 
them a dust-bowl. On land, many inter- 
esting and valuable animals have Iseen 
hunted to extinction. In the seas, there is 
danger, by over-exploitation of its riches, 
without heed lo the conservation of their 
sources, of rendering them useless as a 
supply of excellent food. Man, unless he 
takes the long view, by soil conservation, 
by guarding against extinction of useful 
animals and by replenishing the seas, liter- 
ally digs his grave with his teeth. Nature 
never forgives. Work with her and all is 
well, but work against her and destruction 
will almost certainly follow, 

Securing Food Supplies 

A.S we suggested earlier in this chapter, 
man’s chief end in bending nature lo his 
will has been to obtain more, Ixitter and 
more constant sources of food. And having 
got food, he wishes to store it against a lime 
of scarcity. He wants to make food keep. 
Foods which are the seeds of plants will 
keep almost indefinitely if stored dry and 
protected from animals. After all. the plant 
produces seeds in order to maintain life 
through winter or through periods of 
drought. Man makes use of that fact. 

With other foods, preservation is not so 
easy. The body-building foods (meat, milk, 
fish and eggs) and fruits and vegetables, 
cannot be kept long without decomposition 
at the hands of microbes. Man defeats the 
activities of these microbes in many ways. 
He may dry the meat and fish (and more 






ARTII K lAl. BRJ I DINCi OF FISH 

/'//(’ f<>p pii/ufc slums ffsit hcifii^ /c(l in a !n>u( fishctv in Somcrscf. Male and female 
fish aie kepi in sepataie ponds until mafufify. ixhen they Ofc tenufyed to the hatehery for 
afU/u lal hieedmit. I ah h hen fish is held over a dish and ttentlv squeezed until she exudes 
her ee'^s. I aiei. the milt ffom a nude is squeezed over them {see hehm ). The ova are 
kept in lunnimz ^viaer and the younq hateh out in a/untt seven week v. 
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recently milk and eggs). Microbes cannot 
live in the absence of water. Or he may salt 
or otherwise cure the meat or fish. Microbes 
do not flourish in strong salt solution; and 
the smoke which is used in curing bacon 
and herrings contains an antiseptic. So 
decomposition Is delayed. 

A further method, used to preserve 
fruits, is to cook them with sugar, as in 
jam making. Microbes cannot live in strong 
sugar solution. Then he may kill the 
microbes by sterilization with heat, and 
seal the food away from fresh contamina- 
tion in lacquered tin-sheet containers. The 
canning industry has grown to huge dimen- 
sions in this century and is applied to 
meats, fish, milk, fruit and vegetables. A 
further method of preserving •food is to 
freeze it rapidly and keep it in cold storage. 

Now, in storing foods man reaps enor- 
mous advantages, but he also at the same 
time loses something. There is no doubt 
that fresh foods in the long run are better 
for health than preserved foods. During 
drying, one of the vitamins (C) is destroyed. 
Canning also destroys this vitamin, though 
the loss has been grossly exaggerated. 
Canned fruit may have more vitamin C 
than_^it bought in the open market and 
stewed at home. In canned herrings, there 
is a loss of vitamins A and D. Until experi- 
ments made during the Second World War 


showed the way, dried vegetables were 
almost devoid of \itamin C. Canning 
destroys the vitamin B1 m meats and tish. 

The milling of cereals provides another 
illustration. Wheat will store almost in- 
definitely, particularly if sterilized and kept 
dry. Wholemeal flour will not keep so well. 
The fat in it goes rancid. Moreover, mites 
and weevils revel in it. White flour, on the 
other hand, will keep for a much longer 
period, but in milling white flour the miller 
gets rid of much — though not all — of the 
vitamins Bl, riboflavinc and nicotinic acid. 

So long as man knows the results of his 
processes of conserving food, he may guard 
against the disadvantages involved. The 
danger is ignorance. Canned foods are not 
dangerous, but they may be less nutritious 
because they have lost one or other of the 
properties of fresh foods. Replace these 
properties from other sources, and canned 
foods are very valuable adjuncts to our 
commissariat. 

Little of the food we eat today in its 
present form bears any resemblance to what 
it would have been without man's inter- 
ference. The fact is. man’s whole life de- 
pends on his interfering with nature. 

It is with the far-reaching consequences 
of his interference that he must concern 
himself, if his elTorts are not to defeat their 
own ends and lead ultimately to disaster. 


t 

Test Yourself 


1 . How can domestic animals be protected from their enemies ? 

2. State some of the methods of control of insects that attack crops. 

3. How can bad forestry affect the suitability of land for agriculture ? 

4. What are some of the disadvantages of breeding animals or plants for a 
particular quality ? 

5. Why was the introduction of rabbits into Australia so disastrous? 

6. How many ways of conserving wild life do you know? 

7. Can rivers, lakes and oceans be made more productive? 

8. Would you wy that by and large man's interference with nature has 
been benefidal or otherwise ? 




Answers will be found at the end of the book. 




BKDEGUAR GALL ON ROSE STALK 
produced by the goU-fty Rhodites rosea (insei) and is found only on 
iiiilv It is reddish in colour and looks like a mass of fine threads or 
;■ niriure it is seen in section and shades the cells mih larvae inside. 








CHAPTER XVIll 


UNSOLVED PROBLEMS AND 

RIDDLES 


T he poet Pope in his Essay on Man, 
speaks of “The Eel of Science" — of 
catching the eel of science by the tail. Now 
to catch an eel by the tail is a difficult task. 
Yet, it seems, we must now attempt it. 
The eel is extremely slippery. 

•The reader will by now have acquired 
many facts, and these facts he will have 
found arranged, or partly arranged, on a 
scaffolding of theory. He will have read of 
evolution and of the means by which 
evolution has been supposed to take place. 
The aim of this chapter is to present yet 
other groups of facts in the form of 
animal life-histories that do not easily fit 
into any of the theories. Let us begin' 
with an account of some of the gall-flies. 

The many kinds of galls which occur 
on plants are caused by parasites, some- 
times by fungi, sometimes by insects. The 
presence of these parasites — the mycelium 
of a fungus, or the egg or larva of an 
insect — in the growing tissue of the tree 
causes a change in the adjacent cell- 
substance of the plant. It is affected 
by an enzyme, and instead of the plant 
growing normally, it swells rapidly into 
tissues and organs of new and unusual 
shapes, yet in each case characteristic of 
the parasite which has attacked the plant. 
This new abnormal structure, the gall, 
becomes both the home of the parasite 
—its true environment — and its food 
supply. The parasite avails itself of this 
rich food-tissue and thus continues to 
grow. 

In some cases, however, the host plant is 
able to build a wall of hypertrophied 
tissue between that part infected by the 
parasite and its main body. In this way a 
conflict of vitalities ensues. Chance, or 
perhaps purpose, will favour the host or 
pamite as circumstances decree. The wall 
built against the parasite contains no 
nourishment that can be used by the para- 
site, since it is made chiefly of corky cells 


which cannot be penetrated or destroyed. 

Specially noticeable and peculiar are the 
galls caused by insects. The grub when it 
emerges from the egg finds a world well 
suited to its liking, and as a rule lives at 
the expense of the plant. There are oc- 
casions. however, as will be seen later, 
when the gall-producing insect actually 
makes a contribution towards the welfare 
of the host plant. 

Gall-Making Insects 

The insects most usual in making galls 
are mites, gnats and wasps. Some thread- 
worms, Nematodes, also cause galls. Some- 
times the galls are solid, like oak-apples. 
When this type of gall is formed, the 
insect pierces the plant tissue and lays 
an egg in the wound. Either the epidermis 
of the chosen spot is injured or the egg is 
inserted into deeper-lying tissues. In both 
cases local protective action is taken by 
the plant, and it is not until the grub 
emerges that the active cell-division of the 
host plant takes place. It is interesting to 
note how the growth of the tissue of the 
host plant seems to obey the behest of the 
parasite. The cells which are nearest to 
the young grub are juicy and thin-walled. 
Just the sort for a young grub to appreciate. 
They start to develop with rapidity as 
soon as the egg has been laid, and the 
larva when it is hatched immediately 
devours the juicy substance; and, most 
wonderful to tell, the cells which are 
devoured are almost at once replaced. A 
leaf eaten by a caterpillar does not replace 
its tissue, but the substance in a gall is 
more obliging, so obliging indeed that as 
though aware of the needs of the parasite, 
this substance will be faithfully replaced 
until the time when the grub is full fed 
and ready for its metamorphosis. The larva 
traverses the inner chamber of the gall, 
eating its way through and around as it 
continues its wanderings. By the time it 
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has returned to the place where it started, 
new cells have been formed to nourish it. 

How different are the cells which grow 
on the outside of the gall. They form a skin 
or bark and afford a protection. Try to cut 
an oak-apple, and you will see how hard 
this protecting bark can be. Whatever the 
‘‘intention,” the plant has in fact built a 
fortress for its parasite which protects the 
gall from drying up, and offers a defence 
against the attacks of birds. Sometimes 
the outer layer is like the pericarps of 
fruits which have to protect the seed. It 
is as though Nature having become familiar 
with one good means for the protection 
and distribution of seeds here copies it to 
further the life cycle of parasites. In a like 
manner bitter juices, hard skin, furry coal 
and spines are developed on galls as on 
pericarps, and contribute to the remarkable 
resemblances between galls and fruits. 
Sometimes the resemblance is emphasized. 
The currant-gall which occurs on the cat- 
kins of oak, has not only the form and 
size of a red currant, but is succulent and 
bright coloured. The gall on the leaves 
of b^hes caused by the beech-gall gnat 
is like a small plum, having a kernel in 
which the grub lives, a hard layer like a 
plum stone and a fleshy exterior. 

Most solid galls are so constituted that 


AFTER EMERGENCE 
Marble gall-wasp resting on the gall from 
which it has just made its escape. Note the 
neat round hole through which it has eaten 
its way out of the gall-nut. 

when the contained insect is ready to 
emerge, it eats its way out, but there are 
some that carry their resemblance to seeds 
so far that they have developed contrivances 
for splitting open, to permit the emergence 
of the insect. Among these may be men- 
tioned the gall produced by a gall-gnat 
on the leaves of the Turkey oak. In the 
early closed-stage, the gall is round and 
firm, embedded in the leaf, projecting on 
the upper surface like a tiny cone. In the 
autumn when the grub is full fed, the 
lower area of the gall falls away as cleanly 
as though a circular trap door were 
removed, and the larva tumbles out and 
makes its way to the ground where it 
spins up for its pupa stage. Next spring 
the gall-gnat emerges. 

BalTltng Relationship 

There are questions raised in any specu- 
lative mind by, such a relationship, so 
obliging on the part of the host-plant and 
so convenient for the parasite. Has such 
a relationship come about by the process 
which is ordinarily described as evolution? 
If so, here is an evolutionary development 
which appears to assist not the creature 
itself — the tree — but its parasite — the in- 
sect. What combination of chance muta- 
tions have contributed to this? Is there a 
providential purpose, favouring the gall- 
gnat at the expense of the Turkey oak, 
which latter is compelled to adjust its 
growing tissue to the service of a gnat? 
Is chance, in some miraculous way. res- 
ponsible? Let the reader answer as his 
intelligence and wisdom decree, but in the 
meanwhile let him consider a yet stranger 
association. 

There are galls produced in the cortex 
of a South American plant, Duvaua. The 
gall is spherical and hard. When the time 
is ripe for the caterpillar to escape, a plug 
with a projecting rim is developed on the 
side of the gall farthest from its attachment 
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— ihe most convenient place for the grub 
to escape from. This plug can easily be 
pushed out by the caterpillar and so allow 
of its escape. 

And there is yet another case to provoke 
our wonder. On the leaves of the lime tree 
a short, tower-shaped gall is made by a 
gnat. In the gall-chamber lives the larva. 
This gall has an inner lining which is 
held within an outer protecting cup. As the 
larva grows, lining and cup become 
separated into an inner and outer gall; the 
inner gall is green and succulent, and the 
outer gall comparatively hard and of 
browner colour. Towards autumn the 
tissues of the outer gall become swollen at 
the base, exercising a pressure on the 
inner gall, which is shaped like a cone, 
narrower at the base than at the top. 
This pressure causes the inner gall to fall 
out on to the ground below the lime tree. 
The gnat grub continues for a short time 
to feed on the lining of the inner gall. It 
rests through the winter, and in the spring 
makes its escape by biting a ring-shaped 
groove below the conical top of the gall, 
so making a lid which can be pushed aside. 

Selecting a Site 

The position in which galls are formed 
depends on the insects which make them. 
They are, according to their species, very 
fastidious about the places they select. 
They search out places favourably situated 
as regards food supply, and likely to afford 
protection during the larval stage. Some- 
times the egg is laid on the cortex, the leaf, 
the catkin, the stamens, or in the buds. 
Wherever it is, the place seems to offer 
appropriate nourishment and protection, 
each species selecting its own place on its 
own particular host. 

The first question we have to ask is : 
“By what mechanism do these things come 
about?” 

When the egg of the parasite is deposited 

GALL-NUTS ON OAK LEAF 

Call-wasps which produce the various kinds 
of galls, or oak-apples, found on oak trees, 
belong to the family Cynipoidea. They are 
highly specialized, small four-winged insects. 


on the surface of the plant, or in some 
cases within its tissue, very little change 
occurs. If the plant is wounded, the wound 
is healed in the ordinary manner. It is not 
until the larva comes from the egg that 
the changes in the growing of the plant 
take place. It has been suggested that the 
saliva of the larva stimulates, in this 
strange way, the cells of the plant to their 
abnormal growth. Also it is suggested that 
the excretion of the larva may be respon- 
sible. 

What kind of substance is it in the 
saliva or in the excretion? We guess at the 
word enzyme. Some sort of enzyme, per- 
haps. perhaps a virus. Enzymes have the 
power of altering and decomposing sub- 
stances, even through cell-walls. Whatever 
substances they are that arc produced by 
the parasite do not kill the plant-cells, but 
stimulate it, as a cancer is stimulated, to an 
extraordinary new activity demonstrated 
in the formation of definite external forms. 

But perhaps the solution of the question 
is not so simple, for not only is the proto- 
plasm of the cells, directly acted on by the 
excretion, stimulated to an altered form of 
creative activity, but distant cells in ever- 
widening circles are also stimulated to 
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participate in the new growth. To give an 
example. The .spruce-fir aphis attaches it- 
self to the scale of a fir bud. Not only 
are the cells in its near vicinity altered, but 
thousands of cells on the shoot soon begin 
to assume an altered form. We are reminded 
of the far-reaching influenceof thespermato- 
plasm on the flower ovary. The spermato- 
plasm is only directly concerned with a 
few cells in the ovule, but as these propa- 
gate they influence the cells which go to 
make the carpels, the receptacle, and in 
some cases the flower-stalk. All these 
changes come about when the minute 
quantity of spermatoplasm in a pollen 
grain is united with a minute cell in the 
ovule. Something more than the influence 
of a substance seems to be evident here. 
In the same way it would seem that some- 
thing beyond our ordinary conception of 
substance is at work in the modification 


of the host plant to the accommodation of 
the gall parasite. 

There are yet further enigmas presented 
by the gall insects and their hosts. Let us take 
for enlightenment and bewilderment a 
plant which bears plum-fruits. When the 
leaves of this plant are invaded by leaf- 
lice, they no longer develop into the 
normal leaf, but assume the form of a 
carpel, and become fashioned into a 
hollow body deceptively like a seed pod. 
But seed pods have no connection with 
plum trees. It is as though the idea of 
pod (if there is such an idea as pod), 
has been borrowed in this case from 
another plant, and imposed upon the plum- 
fruit plant by the presence of the parasite. 

Examples such as this might be multi- 
plied, and the remarkable thing, or rather 
one of the remarkable things, about such 
metamorphosis is that the growing tissues 


GALLS OF CYNIPS KOLIARI 

Striking clusters oj bullet galls having the appearance of a bunch of fruit. Galls formed on 

twigs and branches usually originate in the cambium tissue. 



ASPEN GALL-BEETLE 

Not ntany beetles produce galls except as the 
result of mechanical injury. This insect 
shows preference for trees o) the aspen or 
poplar family. 

of the fruit-like body are always so devised 
as to be of maximum advantage to the 
animal which it contains. The dwelling 
serves for protection against weather and 
the attacks of foes, and as a source of 
food of the best imaginable kind. 

DUTerent Kinds of Galls 

Significant also are the facts that difieren* 
insects produce different kinds of galls 
on the same species of plants. Some kinds 
of oak bear as many as twenty different 
forms of galls produced by as many kinds 
of gall-wasps, and the shape, colour and 
hair-covering of these galls is so constant 
that one can say with certainty what 
species of insects have caused them. The 
fluids, substances or effluences emanating 
from different gall-producing insects arc 
specifically distinct. The same vegetable 
protoplasm demonstrates how capable it is 
of producing different kinds of growth. 

Is the characteristic pattern that is 
assumed by the gall, then, contained 
within .the nature of the parasite? And 
here it is significant to note that one 
species of insect produces broadly similar, 
but slightly different galls on different 
plants, enabling us to answer the question, 
if not with complete satisfaction, at least 
in part. 

Gall-insects are not always altogether 
parasitic. In some cases, though these are 
comparatively rare, the gall-fly performs 
a task that is partial payment for the 
benefits it receives. The small gall-wasp 
inhabiting the inflorescence of the fig tree 
is an example of a highly complicated 
partnership. 

The fig, the fruit that one eats, begins 
as a complex flower, a collection of small 
flowers enclosed within a receptacle, which 
looks like a small um. The mouth of the 
urn is very narrow. The flowers, of which 
there are two kinds, male and female, 
almost fill the entire cavity. The female 



flower consists of an ovary containing a 
single ovule. Some kinds of figs have two 
kinds of female flowers within the same 
receptacle ; some with long styles and 
developed stigmas, some with shorter 
styles and abortive stigmas. These latter 
are called gall-flowers, for a.s we shall see, 
they serv-e the convenience of a minute 
gall-wasp and seem to have no direct 
function so far as the plant itself is con- 
cerned. Some species of figs contain both 
male and female flowers, some of the female 
flowers being gall-flowers. The latter are, 
as a rule, placed low down in the flower 
cavity and the male flowers are near its 
mouth. 

In the flowering season the following 
extraordinary series of events takes place: 
a tiny wasp, Blastophaga grossorunt, enters 
the narrow mouth of the container, crawls 
down the inflorescence and sinks its ovi- 
positor down the style-canal of a gall- 
flower. It lays its eggs close to the nucleus 
of the ovules. The emerging larva preys on 
the ovules, and as it grows soon fills the 
whole cavity. When the metamorphosis of 
the male wasps is accomplished, they crawl 
out through a hole which they bite in the 
gall. T^ey are wingless, and their task is 
to visit galls containing female wasps. 
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uhich they fertilize while they are still 
within the galls. These females later emerge, 
and escape soon after into the open air. 
In crawling up the inflorescence, however, 
the wasps contact the male flowers and 
become dusted with pollen. After emerging 
they let their wings expand and dry. They 
later visit another flower receptacle on a 
neighbouring tree or branch, seeking out 
inflorescences which are at an earlier stage 
of development than those from which 
they have emerged. Into these they crawl 
to lay their eggs, and in crawling down 
to reach the style canal of the gall flowers, 
they pollinate the others. 

We have in this example of symbiosis 
an extraordinary adaptation. It is as if 
the gall-flowers arc produced for the 
express purpose of giving a breeding ground 
to the gall-wasp. In return for this service, 
the wasp carries the pollen from one 
inflorescence to another. Our wonder at 
this complementary set vice would prompt 
us to question: how has it come about that 
the gall-flowers have been expressly pre- 
pared for the reception of the wasp eggs 


aiiu iiic nourisnment oi tne young wasp 
grubs? What combination of genes, segre- 
gating in the course of generations, and 
what possible conditions, could produce by 
chance such an adjustment? 

The wasp is by no means always neces- 
sary for the reproduction of the fig tree, 
of which there are about six hundred species! 
More than fifty species of wasps, however, 
have been identified as transferring the 
pollen from one inflorescence to another. 
Some species of figs have their own par- 
ticular kind of wasp. 


Guest Animals 

Within the gall produced by the gall- 
producing insect arc sometimes found 
guest animals, or inquilines, who live in 
harmony with the gall-fly insects. These 
inquilines devour the plant-substance stimu- 
lated to growth by the gall-flies. In this 
way they may be said to offer a slightly 
disadvantageous association, but they do 
not in any direct way threaten the existence 
of the original occupier of the site. In 
contrast to the inquilines, there are 


COMMON OAK-APPLES 

This is probably the most commonly known type of oak-apple. It has a thin outer shell and 
a spongy interior. One of the galls is cut open to .show the larval chambers. 



YOUNG CUCKOO ASKS FOR MORE 

The cuckoo's habit of leaving its offspring to he hatched and reared by another bird is well 
known. The pretty little foster mother in this instance is a hedge sparrow. 


numerous parasites which prey on the 
gall-insects, and on these parasites there 
are hyper-parasites, also there are parasites 
and hyper-parasites infecting thcinquilincs. 

Problem of the Cuckoo 
If now we turn from so small and 
insignificant a creature as the gall-wasp 
to the self-advertising cuckoo, we shall 
find a story quite as baffling to any easily 
made assumptions. The cuckoos are well 
known to victimize certain other species 
of birds by laying an egg in the victim’s 
nest, then leaving the egg to be hatched 
and the young cuckoo to be brought up 
by the fosterer. The fosterers are always 
^ birds which feed on insects. Pied wagtails, 
yellow wagtails, marsh warblers, robins, 
meadow pipits and hedge sparrows are 
the commoner kinds of birds victimized. 
The eggs of these birds are of varying 
colours, and it is found that the eggs of 
the cuckoo, which are larger than the 
e^s of the fosterer, though small for so 
big a bird as the cuckoo, vary in colour, 
often approximating to the colour of the 
eggs in the nest in which they are found. It 
was supposed, when the writer was a boy — 
and many reputable ornithologists still hold 


the opinion— that the cuckoo, having laid 
an egg, would turn round and have a look 
at it. If the egg were a greenish grey, it 
would pick it up and go in search of a 
meadow pipit’s nest; if reddish in colour 
then the cuckoo would look out for a 
tree pipit’s nest; if light grey, a pied 
wagtail. It would fit the egg it had laid to 
match the colour of the fosterer's eggs. 

This assumption has now been chal- 
lenged. Other ornithologists hold it to be 
wrong, and it is to Mr. Edgar P. Chance 
and his meticulous and long-sustained 
study of the cuckoo and her habits that we 
are chiefly indebted for another interpre- 
tation. He has given us a great many facts, 
and he has propounded a theory to account 
for them. First let us state in brief his 
facts, and then let us consider whether his 
theory, which is quite humbly advanced 
as only a theory, will in a satisfactory way 
explain those facts. 

Mr. Chance has watched the nests of 
many fosterers of various species, but for 
the sake of simplification let us here 
consider only the case of the meadow pipit. 

In early April the cuckoo arrives and 
gladdens us with the song which tells us 
that summer will soon be here. Meadow 
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pipits ;irc buildinui their nests and the hen 
cuckoo soon sinijics out a couple. She 
remains in their neighbourhood, watching 
them, and they arc made unpleasantly 
aware of her presence. They will attack 
her and chase her away, for although the 
cuckoo is so large a bird in comparison 
to the pipit, she appears to be a cowardly 
one. Although she flees, she docs not fly 
far, and soon returns, snooping about in 
the neighbourhood and becoming thor- 
oughly conversant with the doings of the 
meadow pipits. 

When the pipits have their nest completed 
and three or four eggs laid, then has come 
the time when the cuckoo must deposit 
her egg. She must deposit her egg before 
incubation by the mother pipit is due to 
start. She must choose the right lime in 
relation to the biological cycle of the 
pipits, if her own species is to be propa- 
gated. Taking advantage of an occasion 
when the parent pipits are away from the 
nest, the cuckoo approaches, she picks up 
one of the pipit’s eggs in her beak; she then 
raises herself over the nest and lays an egg; 
she then turns round and flies away with 


FEMALH CUCKOO 
Wafehing her opportunity 
to carry out her nefarious 
designs on a meadow 
pipit s nest. She must wait 
until both parents are 
absent from the nest. 

the pipit's egg still in her 
beak. At a convenient 
distance she perches, and 
eats the egg. Cuckoos are 
in the habit of stealing 
eggs from other birds’ 
nests and eating them, 
but she does not steal 
from the nest of the 
selected fosterer, except 
on this one occasion, 
namely, when she is sub- 
stituting her own egg for 
one of the clutch in the 
pipit's nest. 

The pipit, although 
her behaviour has been 
markedly hostile towards 
the cuckoo, as though she suspected that 
something was wrong about the unwel- 
come attentions of this larger bird, does 
not resent the presence of the larger 
and slightly different coloured egg in her 
nest. Indeed, she would seem to cherish 
it. Should one of her own eggs be removed 
from the nest, she does not necessarily 
desert the nest, but should the cuckoo’s 
egg be removed, then she will certainly 
desert. 

Ovulation in Girds 

At this stage in the story it may be well 
to consider the mechanism of ovulation in 
birds, the secretion of the yolk, of the 
albuminous white, and the secretion of the 
shell and pigmentation of the shell. The 
egg is budded off from the ovary into the 
coelom, and is swept into the funnel at the 
upper end of the Fallopian tube As if 
passes slowly down the Fallopian tube 
it becomes impregnated by the male 
sperm, and in its passage it receives various 
additions. What is enclosed within the 
vitelline membrane is the true egg; the 
white and the shell which surround it 



PIGMENTATION OF THE EGG 
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constitute a kind of cocoon, the white for 
the further nourishment of the developing 
embryo, and the shell for protection. 
These layers are secreted by the lower 
portions of the Fallopian tube. Last of all, 
when the shell is formed, the pigmentation, 
when there is pigmentation, is added. The 
addition of the colour occurs in the last 
stage before the laying of the egg. The 
colouring is usually of a specific character. 

There are exceptions to this rule, as for 
example the guillemots, whose eggs are of 
varying' colours and designs. The cuckoo 
. also, like the guillemots, though in a 
different way, would seem to have the 
capacity to lay eggs of different colours, 
since some cuckoos lay eggs resembling 
meadow pipits, and othersday eggs which 
resemble those of other foster parents. 

How is it this pigment is formed so 
as to match the pigmentation of the 
fosterer’s eggs? It is presumed that this 
coloration is of advantage. Is it purpose or 
chance which makes for this uniformity 
in the coloration of the eggs of such differ- 
ent species as the cuckoo and the pipit? 


Are we justified in the assumption tliat the 
perceptual functioning of the cuckoo has 
some effect on the sort of pigmentation that 
is laid down by the lower portion of the 
Fallopian tube on the shell of the egg? 
Or are we to assume that the coloration of 
the eggs of the cuckoos is determined by 
genes? Whichever way our thoughts incline, 
we are met with considerable difficulties. 

Mr. Chance, who has perhaps studied 
the cuckoo more thoroughly than any 
other observer, is of the opinion that the 
female cuckoo tends to victimize the same 
. species of foster parent by which she 
herself was reared. He bases his theory on 
the conjecture that the young cuckoo would 
cany certain memories of its foster-mother, 
and, on seeing members of that species 
again, would wish for further association. 
He su^ests that in this way races of 
cuckoos may exist within the species, and 
that there are meadow-pipit-cuckoos, reed- 
warbler<uckoos, wagtail-cuckoos, etc. He 
claims that there is a good deal of evidence 
for such a supposition, and that nothing 
can be urged against it. If such races of 


CUCKOO WITH PIPIT’S EGG 

This remarkable picture shows the cuckoo flying off with the meadow pipit's egg, having 
deposited her own in its place. She will devour if later at her leisure. 
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cuckoos really exist, then in the course of facts at variance with all these ‘theories, 
generations their characteri'.iics in relation There are ornithologists who differ from 
to their eggs will become fixed, and it will Mr. Chance, who do not believe that the 
be that the meadow-pipit-cuckoo lays an cuckoos always lay their eggs direct into 
egg resembling the meadow pipit's egg. the nest of the fosterer. Besides those who 
Mr. Chance is not blind to what this believe that the eggs are placed in the 
assumption implies, namely, that the male nest by the beaks of the mother cuckoos, 
cuckoo must be equally involved; for the there are those who believe that the nests 
inheritance, according to orthodox ideas, of the various fosterers are inacccptable 
goes through the male as much as through to the laying method. There are among 

the female. Therefore, if there is to be any- foreign cuckoos species that lay their eggs 

thing in this theory there must be male in the nests of birds which they could not 
meadow-pipit-cuckoos which by preference possibly sit in or over, for example, the 

pair with female meadow-pipit-cuckoos. If tailor-bird’s nest, made from a single leaf 

this were not so, the races would be whose edges have been sewn together. It 

blended. He asks us to suppose that it is sways in the wind and its entrance hole 

so. It may be, but it seems somewhat im- is in the bottom of the nest. This nest some- 
probable, and \ery improbable that such times contains cuckoos' eggs and young 
selective breeding within a species should cuckoos. How can the egg have got there? 
continue for long periods embracing many It must, so argue some experts, have been 
generations. If there were just a few mis- projected in, squirted in, the cuckoo 
matings among the races, then other clinging to the nest, placing its cloaca 
characteristics would be introduced to mar against the entrance of the nest and pro- 
the pattern. jecting the egg in. This may seem a difficult 

There are, however, other theories and feat and diflicult to believe in. Yet the 


TRAPS FOR THE UNWARY 

Each of ihe long, waving tentacles of a sea-anemone is covered with stinging cells, or nemato- 
cysts, which explode at the slightest touch, releasing thousands of tiny poisoned barbs. 




RELATIONSHIP OF SEA-SLUGS AM) SI \-\M \10\TS 




SEA-SLUG 

Right way up and (below) upside down. The 
brightly coloured projections, or papillae, 
which cover it, are often provided with 
neinatocysts obtained from the sea-anemone. 

question remains: how did the cuckoo's 
egg get there? 

There are yet other difficulties which 
cannot be accounted for by the projection 
theory, even if we accept it. And Mr. 
Chance himself admits that “there is no 
doubt that many cuckoos do not lay in 
the nests of their dupes, since their eggs 
have been taken from nests in holes to 
which it would have been impossible for 
the parasites to have obtained access for 
the purpose of laying.” How do the eggs 
get into these places where no cuckoo 
could possibly lay them? A fairly large 
number of such instances are on record and 
are vouched for by reputable ornitholo- 
gists. The enigma of the cuckoo remains 
as vet unsolved. 

Sea-Slugs and Sea-Anemones 

Perhaps the most remarkable and the 
most insoluble of the problems that present 
themselves amongst the life histories of 
animals is the pattern of inter-relatedness 
composed by the sea-slugs and the sea- 
anemones on which they feed. Sea-slugs 
inhabit those shallow reaches of the sea shore 
that are exposed at low spring tides. Many 
of them have brilliantly coloured papillae 
or appendages growing from their backs, 
and in these are found groups of curiously 
formed stinging cells, which are believed 
to function as defensive weapons, and 
which protect the slugs from the attacks 
of fishes. If a fish snaps at the bright 
coloured appendages, he will probably 
receive in his mouth a discharge of nettle- 
cells which will send him away discom- 
fited, and prevent further attack. (Some 
species of fish, however, such as the cod, 
can devour sea-slugs with impunity.) 

Nettle-cells, or (to give them their scien- 
tific name) nematocysts, are of course, 
part of the living body of the anemone. 
But they have extraordinary characteristics, 
for, when the skin of the anemone gets the 
slightest touch, the cells are released with 



an explosive jerk and shoot into the 
intruder. Put your finger in among the 
open tentacles of any of our seashore 
polyps and you will be prickled by their 
thousand-fold tiny barbs. Such a weapon is 
no doubt both protective and offensive; it 
would tend to drive off the enemies of the 
sea-anemones and also to disable or poison 
the small creatures upon which they feed. 

Scientists had believed that nematocysts 
were to be found only in the Coelenterata 
group, which includes the sea-anemone 
and jelly-fish. But it was discovered that 
nematocysts were also to be found in the 
papillae of sea-slugs, which belong to the 
MoUusca group. This suggested an unex- 
pected and close affinity between the 
MoUusca and Coelenterata. 

The presence of the nematocysts in the 
sea-slugs, however, has been carefully 
studied by marine biologists and proves 
more remarkable than any family relation- 
ship. For the sea-slugs, it was discovered, 
gel their stock of nematocysts from sea- 
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anemones and would not otherwise have 
any of their own. Moreover the sea*slugs 
not only have them but use them. They lie 
in an unexploded state in the papillae of the 
slugs and shoot out at a touch in exactly 
the same way as when in the body of their 
original owners. 

How Does the Sea-Slug Do It? 

This much is known, but much is still 
obscure. The sea-slug actually eats the sea- 
anemone, nematocysts and all. How is it 
that the nematocyst which explodes at the 
least touch, is not exploded by the sea-slug 
in the process of being devoured? How is it 
that the harsh, saw-like radula of the slug, 
with which it tears its food, does not break 
the sensitive capsule of the nettle-cell? 
It has been suggested that the slug, in 
eating, exudes mucus which prevents the 
discharge of the nematocysts, but is this 
sufficient explanation? Why are not the 
defensive cells discharged on the approach 
of the slug? They are discharged in some 
cases, but not in all. Why not? And how 
is it that the slug itself is immune from the 
poison? Mr. A. C. Glaser writes: “It is 
truly remarkable that these apparently help- 
less creatures (the sea-slugs) should have 
selected such a dangerous prey, but since 
they Kave, it must be because the danger 
does not apply to them. Why it does not, 

I do not know, but it may well be that for 
the same reason the nematocyst does not 
discharge while beingeaten.’’Thosereasons, 
whatever they are, remain obscure. 

The next mystery is: how is it that the 
unexploded, and only the unexploded 
nematocysts, are gathered together from out 
of the stomach of the slug into narrow 
ciliated channels, and are swept by the 
working of the cilia, extremely minute hair- 
like filaments, up into the tiny pouches 
which lie near the periphery of the brightly 
coloured appendages, and how is it that 
they are there neatly arranged the right 
way up, in such a manner that they can 
discharge themselves against any intruder 
which threatens the peace of the sea-slug? 
How is such a complicated and highly 
specialized sequence of events to be 
accounted for? 

“But is this really true?” the reader will 


ask. “Are you sure of the facts? Surely it is 
only reasoning, reasonable men who can 
steal the offensive weapons of weaker 
creatures to use for their own purposes!” 

The facts have been most laboriously 
investigated. Mr. G. H. Grosvenor has 
proved that the nematocysts found in sea- 
slugs and coelenterates are identical in 
plan and construction and in mode of 
discharge, and that nematocysts of several 
distinct types occur in both groups; also 
that a sin^e type of nematocyst does not 
occur uniformly throughout any one species 
of sea-slug, but that different individuals 
of the same species may have quite different 
• nematocysts according to the food. He 
has also proved that a single individual' 
sea-slug may have within the pouches on 
the dorsal appendages, nematocysts of 
several different types, found in distinct 
groups of coelenterates ... and further that, 
when it is known on what coelenterates a 
sea-slug has been feeding, then the nema- 
tocysts in the two are identical. Also he 
has proved that sea-slugs which feed on 
animals which have no nematocysts, have 
themselves no nematocysts. He has also 
traced the courses of the ciliated canals 
which pass from the diverticula in the 
stomach to the pouches on the dorsal 
appendages, and he has conclusively proved 
that the nematocysts in any particular sea- 
slug can be changed after a change of diet. 

TTie facts are established, but the question 
of how this truly remarkable state of affairs 
has come about no one has answered, nor 
has any theorist tried to explain how any 
such unique combination of characteristics 
comes to be evolved. 

Riddle Unanswered 

The patterns of life that • have been 
described in this chapter are but a few 
selected from a very large number of sucJi 
patterns that are not easily explained by 
any theory of evolution. Nor are they easy 
to comprehend should we suppose that 
they are the expression of deliberate acts of 
creation. AH we can safely say is that, in 
trying to grasp at a significance, we have 
felt the slippery tail of the Eel of Science 
passing through our fingers. Can any reader 
hold it, or has it escaped? 


GUTOE TO FURTHER STUDY 


W HEN the reader has reached the end 
of the last chapter, it is as well that he 
should ask himself a question or two. Has 
the reading of this book merely been some- 
thing to pass the time, to hll in an idle 
moment, and then to be forgotten, or has it 
aroused sufficient interest to make him want 
to go further with the subject of biology, to 
study it and to probe its mysteries for him- 
self? 

We hope that the knowledge which he has 
gained, however slight or incomplete, will 
have been sufficient to fire him with en- 
thusiasm for this enthralling subject. After 
all, the reader is himself a part of the world 
of living things. What happens in it, 
happens to him. He is in a state of sym- 
biosis with every other living thing. So, 
when one studies the world of living things, 
one studies oneself and ^ne's own life as 
weli— a thing to remember if one decides 
to carry on the study of biology beyond the 
end of the last chapter. 

The reader is advised, then, to be quite 
frank with himself and to be certain of a 
lively interest in the subject if he would take 
up its study. He is warned that there is a lot 
of tedious detail— just as in every other 
branch of learning — which he will have to 
master some time or another. There is a 
tendency today, in books, lectures and wire- 
less talks, to skim the cream off a subject, 
as it were, to make It more interesting and 
exciting, leaving a lot of skimmed milk be- 
hind for the student to absorb for himself. 
Just as in other walks of life, other en- 
deavours, there is no short cut to success, 
so is it in following up any of the subjects 
raised in this book. But the result is worth 
the effort. 

What parts of this book appeal most to 
the reader? Is he interested in plants or do 
these appear uninteresting things only 
studied by priggish people of both sexes? Is 
It animals which move him to admiration or 
are they dull, brutal objects which fill him 
with repugnance? Or, finaUy, does the study 


of mankind appear the only proper study; 
or does it seem a bit indecent to investigate 
the inner workings of man's body and 
mind? This last view is by no means rare. 
The study of anatomy and, consequently, 
of physiology, was held up for hundreds of 
years owing to prejudice and, in the last 
forty years, the study of psychology has 
been greatly hindered because people ob- 
jected to groping about in their own and 
other people’s minds. 

Whichever side of biology it is proposed 
to study, much preliminary work can be 
done out of doors. 

In the fields and woods and lanes of the 
countryside, the student can observe plants 
and animals for himself, study their habits 
and learn to identify them. This will de- 
velop his power of perception and add 
greatly to the enjoyment of country 
rambles. 

In the study of botany, especially, out- 
door work is essential. It is useless trying to 
learn it from books alone. If one does, 
botany remains merely a mass of facts and 
never comes alive. 

Collecting things is a hobby which many 
people enjoy. Here, biology offers an al- 
most unlimited scope, and many ideas will 
occur to the student apart from those sug- 
gested in the following pages. The difficulty 
is to know where to begin. 

Study of Plants 

Let us suppose that plant life is the side 
of biology which the reader proposes to 
investigate. An excellent idea for a be- 
ginner, though it may sound a little alarm- 
ing, is to start a herbarium. When you take 
your walks in the country, collect speci- 
mens of flowering plants in a closely- 
fitting tin box (vasculum is the correct 
name) and in the evening identify your 
specimens with the help of a book on 
flowering plants, noting their English, as 
well as their botanical names. Press good 
examples, with flower, leaves and roots 
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CAMPIONS 

Two mrmhen of the campion family which 
^row wild in Britain. Red campion (above) 
and bladder campion (below). Both flower 
throughout the summer. 

inlact, between blotting paper until dry, 
and mount them later on sheets of drawing 
paper. Of course, if you have a good 
memory, there is no need to press the 
plants, but, in this case, you should make 
accurate drawings of them, particularly of 
the fiowers and fruits. 

Identifying Plants 

All this is merely to get you into the 
alphabet of the subject — nothing more — 
and it may be given up as soon as you 
recognize infallibly some one to two 
hundred plants. It is amazing what mis- 
takes one can make at first in identifying 
plants. Three different attempts on the 
same plant may lead to three different 
identifications! But a sense of humour and 
a refusal to be discouraged will work 
wonders. Do ngt attempt difficult things, 
such as the grasses, at first— what to most 
people is just '’grass'' is, to the botanist, a 
mixture of dozens of different grasses: 
poas, fescues, agrostes and many more. 
Pursue only the plants with very obvious 
flowers at first — the more insignificant can 
be left until later. 

When you begin to know your way about 
among plants, so that you know, say, the 
greater and lesser stitchworts and relate 
them to chickweeds, you can drop the her- 
barium (which may easily prove a deadly 
snare) and start. following up some one or 
other family of flowers. You can collect the 
poppy family and see the relation in appear- 
ance between the greater celandine, the 
Welsh meconopsis, the opium poppy, the 
field poppy, the horned poppy and the 
garden Shirley, Iceland and Oriental 
poppies, eschscholtzia and Romneya coul- 
leri and the Tibetan meconopses. Or you 
can chase the pea and bean family through 
their various ramifications of trefoils, 
clovers and vetches. 

Another suggestion is the collecting of 
leaves of trees. You should take a notebook 
with you and jot down particulars of the 
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kind of leaf, or leaf arrangement, palmate, 
digitate, alternate, pinnate, and so on; also, 
information about the tree itself, its shape, 
size, height, type of bark and fruit and 
where found. Soon you will readily identify 
all the trees common to your part of the 
country. When the leaves have been dried 
between sheets of newspaper, you can 
mount them in various ways or glue them 
on to sheets of paper. 

Similarly, collections can be made of 
seeds and fruit, twigs and buds, roots and 
stems, or unusual features, such as galls. 
Other suitable subjects for collections are 
ferns, mosses and fungi, all of which are 
found mostly in woods. Fungi of the mush- 
room type are not suitable for drying, but 
they can be preserved in a solution of 
seventy per cent alcohol or two per cent 
formalin. Spore prints can be taken of the 
cap forms. Cut off the ripe cap and place it 
face downwards on a piece of white paper. 
Cover with an inverted glass and let it 
stand for at least twenty-four hours. When 
the cap is removed, you should have a clear 
imprint of the underside of the fungus, 
showing the arrangement of spore-bearing 
gills and the colour of the spores. The print 
can be preserved, if desired, by applying a 
thin coat of shellac. 

Of course, making collections is only the 
beginning of'botany, though it can be quite 
absorbing and exciting. And you can go on 
from it to more ambitious work. For 
example, you may investigate for yourself 
just how plants struggle towards the light or 
spread their leaves out to catch the maxi- 
mum light; how the lazy ones climb in and 
through and around the sturdier plants, 
using hooks, thorns, twining tendrils, 
suckers and so on to achieve their places in 
the sun; how the leaves are arranged in a 
mosaic so as to catch the utmost sunlight. 

Keeping a Diary 

Or you may keep a diary to show when 
such a family as the pinks and campions 
flower. Of course, the text books tell you 
that, but Jt is more fun to find out for your- 
^If, especially when the seasons run riot. 
For example, a cowslip may be in blossom 
under the nose of winter, in October. It is 
carrying a roSette of seed vessels which 


ripened last May. A very wet summer has 
betrayed it into contradicting the text books 
and causing people to write to the news- 
papers. 

Finally, you can go on to experimenta- 
tion. With very little apparatus beyond u 
few glass bottles, cotton wool, ink and some 
wire, you can study growth in a germinating 
broad bean, watch its root turn down and 
its leaves turn up. You can slcrili/c a square 
yard of surface soil in a garden by pouring 
several kettles of boiling water over it, or 
by watering it thoroughly with one per cent 
formaldehyde solution, and record what, 
and in what order, plants appear on your 
patch. A director of Kew Gardens made 
the most illuminating observations on the 
way plants colonized the blitzed areas in 
London. Best of all, perhaps, you can make 
experiments in cross-breeding garden 
plants— for c.xample, repeat Mendel’s ex- 
periments with garden peas, or hybridize 
flowering plants. 

The experimentation you can do among 
plants is endless and fascinating but it needs 
perseverance, patience and much common 
sense. The results are worth the effort. 

Specialized Gardens 

If you have the space, you may care to 
make specialized gardens, in which you can 
give rein not only to your horticultural 
cvperimcnts, but to your artistic sense as 
well. A rock garden occupies little space 
and will accommodate a surprising variety 
of plants. 

An old-fashioned herb garden is fascina- 
ting, and will provide a side-line of study in 
connexion with the medicinal or flavouring 
properties of the plants you grow. 

A water garden provides infinite possi- 
bilities. If you make a pool, it should be 
about two feet deep and lined with con- 
crete. You should have a few animals 

goldfish, snails or frogs — to keep the water 
clean. Make the setting as attractive as 
possible, with plenty of flowers. If the pool 
is fed from a stream, you can build a little 
bridge over it, or stepping-stones, and grow 
reeds and ferns and forgei-me-nots on the 
banks. In the pool itself, you c;in grow 
water-lilies of various colours. 

Perhaps these schemes arc altogether too 
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ambitious for the space at your disposal. 
Even in a small garden, or a yard, you can 
have a tub garden. A tin-lined wooden 
packing case, or old galvanized bath or 
sink can be used for the pond. Dig a hole 
and sink the tub so that the top is just above 
the ground, and half fill it with earth. Fill 
up with water and then plant your water- 
lily or what other water plants you decide 
on. Lastly, a layer of sand spread over the 
earth at the bottom is advisable, to prevent 
the water becoming cloudy. A border of 
flowers in a setting of crazy paving, or 
similar material, will make a charming 
little formal garden. 

Failing a garden, or even a yard, you can 
plant window boxes or have indoor gar- 
dens. Spring-flowering bulbs lend them- 
selves particularly well to indoor cultiva- 
tion, but there are many small, low- 
growing plants that will also grow quite 
well in a shallow bowl. Geraniums and 
other plants that can be propagated from 
cuttings take kindly to an indoor life. 

Animal Collections 

Plants perhaps bore you and it is animals 
you like? Again, the field is pretty well 
limitless. As a beginner, you will probably 
start collecting, say, butterflies, moths or 
beetles. This is not a bad way into the sub- 
ject so long as you do not develop collec- 
tor’s mania, and collect only in order to 
accumulate. It should lead to a study of the 
life histories of the animals collected and 
the breeding of them from egg to maturity, 
and thence, possibly, to experimentation. 

Keeping an aquarium is great fun, even if 
it consists only of a jam-jar full of minnows 
or tadpoles, such as small boys love. 

If you can afford to buy a proper aqua- 
rium tank, so much the better, as it will 
oflfer more scope and you may acquire a 
collection of plants and animals that will be 
very beautiful to look at, as well as in- 
teresting to study. But if you cannot obtain 
a tank, use any sort of suitable container; 
for instance, a glass battery jar. It is advis- 
able to get water from a pond or stream for 
your aquarium and put a layer of clean sand 
at the bottom before putting in the plants. 
You can collect the plants yourself from a 
pood, or you may be able to buy some from 


a nurseryman. Wait until your plants are 
well established before introducing the 
animals and be sure not to overcrowd the 
aquarium. 

A more modem hobby is that of bird 
watching. This is, in its inception, really a 
form of collecting, though you do not kill 
and stuff the birds you collect. In the begin- 
ning, it needs little more than patience and 
good eyesight, plus a book giving coloured 
illustrations of common birds. In the 
neighbourhood of towns, allowance must 
be made for dirt and also “melanism”— 
birds, and moths, get darker in colour near 
smol^ towns. For instance, the so-called 
English sparrow, known to Londoners as a 
little, dark-brown bird, in the wilds of 
Canada will be found to have quite distinc- 
tive red-brown markings. 

When the leaves come on the trees before 
the migrants appear, bird watching is not 
easy without field glasses, and to use field 
glasses properly one oAen has to lie down. 
In an erect position, especially if the magni- ' 
fication is 6 x or over, movements due to 
the wind or contractions of the muscles 
make accurate vision impossible. Lying 
down in the English countryside, long 
enough to take stock of a bird, means that 
you will often become cold, wet, tired, 
bored, disappointed and hungry. But a keen 
bird watcher will put up with worse than 
these discomforts — ^Julian Huxley, for 
example, endured mosquitoes and humid 
heat in the swamps of Louisiana. 

Nature Photography 

From bird watching one graduates to 
bird photography— :or, rather, nature 
photography — fortunately, today, much 
more achievable than it was some few years 
ago, what with miniature cameras with 
telephoto lenses and extremely rapid 
panchromatic films. 

An expensive camera is, however, by no 
means indispensable. Excellent nature 
photographs can be obtained with an 
ordinary small camera, if suflScient c^ 
is taken. The amateur should start with 
pictures of plants or scenery — things which 
do not move, except, perhaps, as a leaf is 
stirred by the wind. 

Photographing birds and animals re- 
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quires plenty of patience and often con- 
siderable ingenuity. You may have to crawl 
stealthily through undergrowth to snap a 
wild creature, or climb a tree to take a bird 
on the nest or feeding its young. You will be 
able to get hints on this type of photo- 
graphy from magazines or books on nature. 

Bird watching, and animal watching, do 
not necessarily imply the wilds. Domestic 
animals can be the field of operation. 
Obser-’ation of the poultry yard shows that 
there is a definite “pecking order.” The 
turkeys peck the geese, the geese the ducks, 
the ducks the hens, the hens the chickens. 
A similar hierarchy is found among the 
cows in the cowstalls. This pecking order 
often seems to be related to colour rather 
than size or species. In most human socie- 
ties (families, schools, university colleges), 
there is a “pecking order,” too! 

E\periments are by no means out of the 
question. Most people have bred animals 
—mice, rats, guinea-pigs, rabbits, fowls, 
cats or dogs. In breeding, the fundamental 
facts of genetics can be verified and even 
possibly extended, though it is rare to find a 
piece of elementary exploration that has 
not already been done. 

Working Apparatus 

Further work in either botany or zoology 
is likely to need a microscope, and here one 
meets the difficulty of expense. No micro- 
scope is worth while which is not of high 
rank, and the simplest student microscope 
costs a considerable sum today. High 
magnification is not needed. Two eye 
pieces, two objectives (2/3-inch and 1/6- 
inch focal length) are all that is necessary 
for anything but advanced work. Substage 
condenser and a mechanical stage are of use 
for special purposes but are rather encum- 
brances on a workaday microscope. 

For plant work, little more than a heavy, 
flat razor, some pith, slides and cover slips 
and a little iodine solution are necessary, 
for with these and a microscope, the struc- 
ture of a leaf, root or stem can be ade- 
quately made out. But, with animal tissues, 
it is almost essentia! to have more elaborate 
apparatus, including embedding bath and 
microtome and all the special reagents for 
staining, clearing and mounting the sec- 


tions. This is really specialist's work and it 
is seldom that an amateur, without labora- 
tory training, gets any distance in the 
technique of preparing specimens for the 
microscope. Much, however, can be learnt 
from watching the behasiour of the tiny 
animals seen in a drop of pond water, or in 
an infusion of hay — made much as one 
makes tea and allowed to stand a few days 
— under low magnification. 

So far, the plan of campaign sketched 
above has coscred only work to be carried 
out by the student himself, without the 
aid of books, classes and so on. Up to a 
point, this is the best possible way to learn, 
for what a person discovers for himself 
impresses itself on the memory and general- 
ly remains with him for life, while things 
that are learnt from books arc often all too 
soon forgotten. 

Books on Botany 

But the science of biology, as we know it 
today, is the outcome of centuries of study 
and research by eminent men of many 
nations, and it would be quite impossible 
for any one person in his own .life-time to 
discover for himself even a fraction of the 
knowledge that has been accumulated. 
Therefore, if the student wishes to study the 
subject at all deeply, he must do a certain 
amount of reading. Here arc the names of 
some books that will be a help to him, to be 
used primarily as books of reference, not 
necessarily as books which are read from 
first page to last. 

If you can get hold of it. Botany for Fun, 
by Gareth H. Browning, is an elementary 
book which will give a good introduction to 
botany. Plant Biology, by H. Godwin, is a 
more scientific production, covering the 
whole field of botany from microbes to 
flowering plants. It is a small but very 
valuable text book. The best book, which is 
both scientific and interesting from the 
point of view inculcated above, is Plant 
Form and Function, by F, E. Fritsch and 
E. J. Salisbury, but it is emphasized that it 
need not be read from beginning to end. 

A book of this sort should be approached 
via the index. Take any topic which in- 
terests you — for instance, how plants 
climb — and look up “climbing plants” in 




KEEPING AN AQUARIUM 

Tadpoles and pond-weeds in a water tank. Some beantiful effects can be achieved with 
under-water plants and it is always interesting to watch them and the animal life developing. 


the index. Note the important references in 
the index, and then turn them up. Any in- 
teresting point, go and verify at once in the 
garden or the hedgerow, if you can. When 
the main references are finished, look up the 
smaller and less important ones. Finally, if 
you really want to make it your own, put 
down on paper in your own language all 
you have learnt in, say, not more than 
five hundred words, and illustrate it. 

Some time or other you will use a book 
such as Bcntham and Hooker's British 
Flora, and there are two books, brought up 
to date, familiar to many a schoolboy and 
undergraduate, viz.. Flowering Plants and 
Flowerless Plants, by D. H. Scott and F. T. 
Brooks. The Living Garden, by E. J. 
Salisbury, is another admirable book, which 
has gone through many editions. 

It is well to pay a visit to the reference 
library in your own neighbourhood. If 
access to the shelves is allowed, as it is in 
most libraries, you will be able to browse 
among the books there. Realize that books 
have a way of getting out of date and, while 


some will remain valuable for all time, most 
will be valueless after a few years. Conse- 
quently, many on the shelves will have 
antiquarian value only and, unless the 
librarian has had a scientific training, he 
win not be aware of this. 

Turning to animals, it is suggested that 
the reader starts with Enigmas of Natural 
History, by E. L. Grant Watson. Any 
article on natural history by Julian Huxley 
is well worth study, but his more theoretical 
works, for instance, Evolution; the Modern 
Synthesis, are rather terrifying to the be- 
ginner. The Science of Life, by H. G. Wells, 
Julian Huxley and G. P. Wells, is a weighty, 
though fascinating book. Too fascinating, 
in fact, for it encourages the reader to do his 
natural history sitting in an armchair. The 
same is true of all of Fabre’s books on in- 
sect and other life. 

An old-fashioned book on birds is A 
Year with the Birds, by W. Warde Fowler. 
Of matter-of-fact interest are British Birds 
in Their Haunts, by C. A. Johns, J. A. 
Owen and Wm. Foster, Birds in Flight, by 
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W. P. Pyccraft and Birds in Briiain Today, 
by G. C. S. Ingram and H. M. Salmon. 
The naturalist, Grant Watson, quoted 
above, recommends The Nature of a Bird's 
World, by Elliot Howard, any and all of 
W. H. Hudson's works. Behaviour of 
Animals, by E. S. Russell and any of 
Fraser Darling’s books: A Herd of Red 
Deer, Island Years and Wild Country. 

Physiology and Psychology 

As regards physiology. Chapter VIII. 
which detils with the workings of the 
human body, and psychology. Chapter IX, 
which deals with the workings of the human 
mind, there is some ditTiculty in recom- 
mending further study. First of all, there 
are no really elementary studies of either 
which are both elementary and sound, ex- 
cept perhaps Human Physiology by Ken- 
neth Walker. Secondly, any practical work 
in physiology needs a laboratory and 
laboratory apparatus. True, there arc some 
simple experiments a person can perform 
on himself, but much of the study of 
physiology depends upon rather expensive 
apparatus. The text books on that subject 
are written for medical students and lec- 
turers in physiology. 

There is, or was, an Elementary Physio- 
logy by T. H. Huxley, edited by Sir Joseph 
Barcroft. The text books used by medical 
students are Handbook of Physiology by 
R. McDowall, Applied Physiology by 
Samson Wright, The Physiological Basis of 
Medical Practice by C. H. Best and N. B. 
Taylor and Principles of Human Physio- 
logy by C. E. Lovait-Evans. The last two 
are almost encyclopedic in content and 
size. Practically none of them should be 
read except in conjunction with a course of 
lectures by a competent physiologist, and 
only the latest editions are of real value. 
Physiology and biochemistry change too 
rapidly for any but the latest publication to 
be read and believed! 

In psychology, the reader is warned that 
there are two separate branches which have 
not altogether grown together again. There 
is the old classical psychology which relies 
largely upon introspection, observation and 
on physiological experiment. This is pro- 
bably best studied in books by William 


McDougall, such as An Oii’/ine oj Psy- 
chology, An Introduction to Social Psy- 
chology and An Outline oJ Ahnoniud Psy- 
chology. The reader is warned that (licsc 
"outlines” are more like studio pictures and 
the "introduction" more like a complete 
guide, and it is suggested that they be read 
in conjunction w ith a course of lectures on 
psychology. 

The newer psychology, but not neces- 
sarily the more credible psychology, is that 
based upon analysis. If the reader can get 
hold of it. The Psychology of Insanity by 
Bernard Hart is a very simple introduction. 
It is more about the psychology of everyday 
people than of the insane. Failing that, there 
is the Psychopathology of Everyday Life by 
Sigmund Freud and Totem and Taboo. The 
one-sided view presented by Freud should 
be corrected by reading Psychology and 
Morals by J. A. Hadfield and Modern Man 
in Search of a Soul by C. G. Jung. 

Heredity 

For students who are interested in 
genetics, we can recommend any of the 
following books : 

Heredity, Race and Society, by L. C. 
Dunn and T. H. Dobzhansky. A popu- 
lar small volume dealing with the 
special genetics of man and with the 
relation of genetics to social problems. 

Mendelism and Evolution, by E. B. Ford. 
An excellent introduction to genetics. 

The Genetics of the Mouse, by Hans 
Gruneberg. Though dealing with the 
special genetics of the mouse, it is an 
introduction to general genetics. 

The Causes of Evolution, by J. B. S. 
Haldane. Stimulating, simple and 
philosophical. 

Nature and Nurture, by L. Hogben. 
Somewhat mathematical and advanced 
but well worth reading. 

You and Heredity, by A. Scheinfeld. A 
most excellent popular account. 

An Introduction to Modern Genetics, by 
C. H. Waddington. A serious and 
successful attempt to relate genetic fact 
with the phenomena of development. 

The Chromosomes, by M. J. D. While. 
One of the best small manuals on the 
subject. 
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' I 'he set of questions at the end of each chapter is meant for the most part to test the amount 
of factual knowledge which you are able to retain from your reading. Do not be surprised 
if you find that you arc not able to answer many of the questions after one reading. You 
would be rather exceptional if you could. What is worth studying is worth several readings; 
and the test questions will be a useful guide to your progress. 


CHAPTER I 

1. Living things grow by incorporating 
materials quite different from the materials 
of their own bodies. Non-living things (e.g. 
crystals) grow, but only by the addition of 
material identical with that of which they 
themselves are composed. Living things 
move (animals), feed, respire, excrete 
(animals), reproduce. Living things have a 
definite span of life — birth, youth, maturity, 
old age, senility, death. Non-living things 
may continue indefinitely to exist 
unchanged. 

2. Movement is necessary if animals are 
to find their food. A nervous system in- 
creases an animal's sensitivity to what is 
going on in the environment. Plants, lack- 
ing a definite nervous system, possess this 
sensitivity to a lesser degree. 

3. Plants take In simple chemical 
materials — carbon dioxide from the air and 
water and mineral salts from the soil — and 
build these up into complex chemical 
materials by photosynthesis. Animals, lack- 
ing the chlorophyll characteristic of the 
majority of plants, are unable to do this. 
They take in the complex chemical 
materials of animal and plant bodies and 
convert them to their own purpose. 

4. Protoplasm is the living matter which 
constitutes a varying proportion of the 
bodies of animals and plants. It may be 
associated with non-living material, e.g. 
bone in animals, wood fibres in plants. 
Chemically, it is a complex mixture of 
organic compounds, water and salts. 
Physically, it is an emulsion. 

5. A cell is a living unit. Some organisms 
consist of only one cell, but the majority of 
organisms consist of very many cells. Each 
cell contains living protoplasm, divided be- 
tween the nucleus and the surrounding 
cytoplasm. When the cell reaches a certain 


maximum size, it divides into two, the 
nucleus dividing before the cytoplasm. 
Groups of cells may specialize in perform- 
ing one particular function, e.g. digestion, 
contraction, conduction of nervous 
impulses. 

6. The two chief waste materials are 
carbon dioxide and nitrogm compounds, 
like ammonia or urea. The carbon dioxide 
is got rid of by gaseous exchange in the 
respiratory organs (gills, lungs, etc.). The 
nitrogenous waste is eliminated by the 
excretory organs (kidneys, etc.), 

7. Animals and plants assimilate (in 
different ways) materials into their bodies. 
If this assimilated material exceeds the 
amount required for riplacing used-up 
material, growth results. If it balances it. 
growth no longer takes place. If it falls 
short of this requirement, senility sets in 
and, later, death. 

8. Roots are below ground. Their 
branches are all alike. Near their tips are 
groups of root-hairs. The water-conducting 
tissue is near the centre, and this helps to 
withstand the pulling strain to which the 
root is subjected. Stems are above ground. 
Their, branches are of different kinds 
(stems, leaves, etc.). The water-conducting 
tissue is near the outside, and this helps to 
withstand the bending strain to which the 
stem is subjected. 

9. Because it enables the plant to utilize 
the energy of the sun’s rays to build up the 
simple chemical substances, carbon dioxide 
.and water, into the complex chemical 
materials, sugar and starch. Plants not 
possessing chlorophyll are unable to carry 
out photosynthesis in this way. 

10. Carbon is obtained from the carbon 
dioxide of the air. This enters through the 
stomata of leaves and stems. Oxygen; too, 
comes from the air, and enters in the same 
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way. Oxygen is also a constituent of carbon 
dioxide (CO,) and water (HjO). 

11. In the daytime green plants utilize the 
energy of the sun’s rays to photosynthesize 
sugar and starch from carbon dioxide and 
water. Oxygen is a by-product. Respiration 
goes on at the same time, but is masked by 
the evolution of this oxygen in excess of the 
amount required for respiration. The 
carbon dioxide formed in respiration is 
utilized in photosynthesis. At night, when 
photosynthesis ceases, respiration becomes 
apparent, oxygen being used up and carbon 
dioxide given off. 

12. Lacking green chlorophyll, bacteria 
and fungi cannot photosynthesize. They 
obtain their food in complex organic form. 
Those living on living organisms are 
parasites: those on dead and decaying 
organic matter, saprophytes. 

CHAPTER II 

1. When no attempt is made to classify 
animals carefully and scientifically, you 
may have one animal known by different 
names ih different parts of the world, or 
even in the same country. Equally, you may 
have the same name given to quite different 
animals. The present method of assigning 
to each animat a generic and a specific name 
was invented by Linnaeus. 

2. Ten. An example of naming one ani- 
mal from each phylum is: Amoeba {Pro- 
tozoa), bath sponge {Porifera), jelly-fish 
{Coeienierata), liver fluke {Platyhel- 
m'mthes), lug-worm {Annelida), limpet 
{MoUusca), spider {Arthropoda), starfish 
{Echinodermata), sea-squirt {Protochor- 
data), dogfish {Craniata). Other examples.of 
course, could be given. 

3. The Protozoa, animals which consist 
of a single cell, although they may have 
more than one nucleus. Examples are 
amoeba, the slipper animalcule and the 
malaria parasite. 

4. Sponges have a complex system of 
tubes and spaces lined by cells bearing 
flagella. These beat and set up currents, 
drawing water in from the outside. This 
water brings tiny animals and plants into 
the sponge, and it is on these that the 
sponge feeds in a truly animal manner. 
Sponges are of no great food value to other 


animals, as so much of their bodies is hard 
skeletal material. It is this skeletal mateiial 
which is of use to man in cleaning himself 
by rubbing his skin with it. 

5. Oyster, mussel, scallop, snail. The 
oyster, for e.xample, feeds by filtering off 
the minute animals and plants suspended in 
the water diawn to the gills for breathing 
purposes. 

6. The Ungidata, because it contains so 
many grazing animals such as cattle, sheep 
and goats, which man has domesticated and 
breeds for their meat and milk. 

CHAPTER III 

1. I. 7Vjfl//op/»>7<7.’ seaweeds, green algae, 
fungi, lichens. II. Bryophyia: mosses, 
liverworts. 111. Pteridophyta: ferns, club- 
mosses, horsetails. IV. Spennatophyta: 
{Phanerogamia): coniferous trees, cycails, 
the familiar flowering plants. 

2. Bacteria of various kinds {Bacteria), 
Nostoc {Cyanophyceae), Euglena {Flagcl- 
lata), Chara {Characeae), Fucus {Phaeo- 
phyceae), Corallina {Rhodophyccae), Plas- 
modiophora {Myxomycetes), Mucor {Phy- 
comycetes), Penicillium {Eumycetes), Ice- 
land Moss (Lichens). 

3. The liverworts {Hepattcae) are con- 
fined to moist situations while the mosses 
{Musci) inhabit a wide range of environ- 
ments, from walls, tree trunks and dry 
woodland soil to rocks, moorland places 
and swamps. Both classes possess charac- 
teristic sexual organs, called antheridia and 
archegonia. It is the absence of sexual • 
organs of this type in the Thallophyia which 
most clearly marks them off from the 
Bryophyia. 

4. Class I. Lycopodiinae: the British 
clubmoss. Lycopodium and Selagiiiella. 

Class 2. Equisetaceae: the common 
horsetail, Equisetiim. 

Class 3. Filicinae: common bracken 
{Pteris), hart’s tongue {Scolopendrium), 
polypody {Polypodium). 

They differ from the Thallophyia and the 
Bryophyia in having clearly differentiated 
roots, stems and leaves. Their internal 
tissues show a greater variety of structure. 
They differ from the Spennatophyta in hav- 
ing no flowers, and in not producing seeds. 

5. In the Gyimospermae the female cell 
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or ovule is not enclosed, so that the pollen 
grain is brought directly into contact with 
it. The resulting seed is uncovered. Ex- 
amples are yew, Scot's pine, juniper. In the 
Aiigiospennae the female cell or ovule is 
enclosed in an ovary or seed-case, so that 
the pollen has to put out a pollen tube 
which bores its way to the ovule. The re- 
sulting seed is covered. Examples are butter- 
cup, dandelion, oak, ash, snowdrop, tulip. 

CHAPTER IV 

1. The more familiar plants consist of 
many living units or cells. These are not all 
alike but have different sizes, shapes and 
structures, according to the functions they 
perform. Cells performing the same func- 
tion are usually grouped together to form a 
tissue. Thus, there are conducting tissues, 
like those in vascular bundles; secreting 
tissues, producing oils, gums, resins, etc.; 
and protective tissues, like cork and bark. 

2. Those tissues whose cells serve as con- 
ducting channels for the various food 
materials throughout the plant arc called 
vascular tissues. They are grouped in dis- 
tinct strands, the vascular bundles. These 
are stringy and hard, and often persist as 
an interlacing skeleton after the death of 
the softer tissues. They are built up from 
cells which are considerably longer than 
they are broad. Some of these cells undergo 
considerable chemical changes in their cell 
walls, which result in the death of the cells. 
These form the wood or xylem. 

Other cells retain their cellulose cell walls 
and living contents, and they form the bast 
or phloem. The vascular bundles are pipe- 
lines for the conveyance to and from every 
part of the plant of the sap which contains 
in solution the nourishing ingredients neces- 
sary for the well-being of the living cells. 
The vascular bundles also provide the main 
supporting skeleton of the plant. 

3. The chief work of the leaves is con- 
cerned with transpiration, the loss of water 
as water vapour from the plant, and with 
assimilation, the uniting together of the 
simple chemical materials, carbon dioxide 
and water, to form complicated chemical 
materials like sugar and starch. Both these 
are carried out through the agency of the 
stomata or leaf-pores. The guard cells of the 


stomata are the only cells of the epidermis 
which possess chlorophyll-containing 
plastids. 

In the light, they carry out assimilation, 
thus increasing the strength of their cell sap. 
This leads to water being absorbed from 
surrounding cells. The two guard cells swell 
and move apart, thus opening the pore of 
the stoma. In the dark, assimilation ceases, 
the strength of their cell sap falls off, water 
is withdrawn, and the two guard cells close 
up together to shut the pore of the stoma. 

4. The root and its branches anchor the 
plant securely in the soil. Only the youngest 
parts of the root and its branches and the 
root-hairs which they bear along part of 
their length are able to absorb water and 
mineral salts from the soil. The root may 
swell considerably and serve as a store of 
food, as in the carrot and turnip. 

5. Potassium nitrate, calcium sulphate, 
magnesium sulphate, calcium phosphate, 
sodium chloride, sulphate of iron. 

6. Water is lost by evaporation from the 
leaf to the atmosphere. This is facilitated by 
the opening of the stomata in the hours of 
daylight. The water so lost is made good by 
water forced up the stems to the leaves by 
root pressure. Root pressure is set up as the 
result of the continuous absorption of water 
and mineral salts by the root hairs. 

Respiration is carried on by all parts of 
the plant at all times, that is, during the 
hours of daylight and of darkness. In the 
daylight, however, it is masked by the pro- 
cess of assimilation, which is only in pro- 
gress then. 

CHAPTER V 

1 . Because it is the easiest way. Animals 
do not have to move far to obtain grass, 
etc., and the plants rapidly replace the parts 
eaten away, thus providing a virtually in- 
exhaustible supply of food. 

2. Because their food— other animals— 
can run away. 

3. Some run their prey down, like the 
wolves, which hunt in packs and rely on the 
teeth of the whole pack to hold their victim. 
Others, like the cheetahs and cats, stalk 
their prey and then make a final leap. Claws 
are used to hold down the struggling prey. 
Fish feeders, Tike seals and sea-lions, have 
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sharply pointed teeth for holding on to the 
slippery prey; so have fish which feed on 
other fish. Some fish remain immobile until 
their prey comes within easy reach of the 
large mouth: e.xamples are pike and the 
John Dory. 

4. Snails are herbivorous, rasping off 
portions of the plants over which they 
crawl. Squids and octopuses are carni- 
vorous. seizingthe prey by the long tentacles 
and biting it into pieces by powerful jaws. 
The bivalves are filter-feeders, filtering the 
tiny animals and plants which abound in 
the water. Other filter-feeders arc sponges, 
fairy shrimps, sea-squirts and some whales. 

5. Many animals chew up the food into 
smaller particles before swallowing it. For 
this purpose mammals possess molar 
teeth: snails have a file-like radula; insects. 
Crustacea and Arachnids have mandibles; 
sea-urchins have five teeth. In crabs and 
lobsters the food is further reduced in size 
by the gastric mill. In birds the food is 
swallowed whole or in large pieces torn 
off by the beak, and in the gizzard it is 
ground to pulp. 

6. Because the food varies. When the 
diet is exclusively vegetarian we find molar 
teeth with grinding ridges, as in elephants, 
rodents, cattle and horses. When the food 
is flesh, we find molar teeth with strong, 
broad surfaces for pulping the stringy meat 
and for crushing bones. When the food is a 
mixture of these two, as in omnivorous 
forms like man and pigs, we find the molar 
teeth fall roughly half-way between these 
two extremes. Fish eaters have sharply 
pointed teeth for holding on to their 
slippery prey. 

7. They may be especially developed for 
boring through hard material like wood, as 
in weevils and the death-watch beetle; or 
for sucking up fluids, as in mosquitoes, 
butterflies and fleas; or for both licking and 
biting, as in bees and wasps. 

8. Herbivorous animals feed on plants. 
Carnivorous animals feed on the herbi- 
vorous ones. Eventually the carnivorous 
animals die and their carcases rot and 
decay to release materials which are valu- 
able foodstuflfs for plants. Thus the cycle, 
or food chain, is completed. One example 
of a food chain is; — 


Roots, grain, seeds, 


plants 


a- A 
c. 
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parasites ■».- mice and voles 
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excreta 
and •« 



carcases barn owls 


CHAPTER \T 

1. Mussels arc filter-feeders and so do 
not move rapidly through the water in 
search of prey: their food consists of 
minute animals and plants suspended in 
the water, and these are filtered olT. Slow 
movements are performed by a digging 
foot, which is used to anchor the mussel, 
and the foot also spins additional threads 
which help to secure the animal in rough 
water. Octopuses are carnivores, feeding 
on fish and other living, moving prey. They 
swim actively through the water by a form 
of jet propulsion, and search out their prey. 
They are aided in this search by the huge 
paired eyes with hard, crystalline lenses. 

2. The fore limb (or arm) is modified as a 
wing, with feathers, which are modified 
scales, to increase the surface area pre- 
sented to the air. The muscles operating the 
wings are so tremendously developed, that 
the breast-bone is correspondingly de- 
veloped for their attachment. Some flying 
animals (other than insects) are flying frogs, 
the flying snakes and lizards, the cobego, 
the phalangers and the flying squirrels. 
These plane or glide: they do not fly in the 
real sense of the word. 

3. The sense of sight, for it is probably 
used more than any other sense to investi- 
gate and take stock of the surrounding 
world. 

4. Some eyes are carried at the tips of 
tentacles, example garden snail: some at the 
bases of tentacles, examples limpet and 
common pond snail; some eyes arc great in 
number and scattered along the edge of the 
general body covering, example scallop; 
some eyes are carried at the tops of stalks, 
examples some crabs and deep-sea fishes. 

The eyes of grazing animals occupy more 
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lateral positions than they do in man be- 
cause they arc always expecting an attack 
from behind, and, with the eyes in this 
position, a backward glance is possible 
without moving the head. 

5. The innermost part of the ear in verte- 
brates is concerned, not with hearing, but 
with balance. Tiny particles of lime lie 
bathed in fluid and act in very much the 
same sort of way as a spirit-level. By this 
means the animal is informed of its position 
relative to the vertical and horizontal 
planes, etc. 

6. Taste-buds are special surfaces on 
tongue and palate for appreciating the 
taste of things placed in the mouth (or 
smelled through the nose). In addition, the 
tongue is used to roll the food into a ball 
or bolus, preparatory to swallowing. Cats, 
rabbits and horses wash themselves with 
their tongues. The lemur’s tongue is 
fringed and is used to comb the animal’s 
hair. The ant-eater’s tongue is covered with 
mucus and is used as a flypaper to pick up 
termites. The flamingo’s tongue is enor- 
mous and is used to sieve the bird’s food 
from mud or water. The chameleon’s 
tongue exceeds in length the animal’s 
body, and is used to catch insects, which 
adhere to it because it is' so sticky with 
mucus. 

7. Daylight, fresh air, elbow-room, a 
suitable soil, i.e., one containing sufficient 
moisture, mineral salts and other substances 
for absorption by the roots. 

8. The type of plants growing in a cer- 
tain situation will depend very much on the 
type of soil. Thus, on the downlands where 
there are only a few inches of soil covering 
the chalk, the flora consists primarily of 
dwarf plants and short turf. On a deep clay 
soil, on the other- hand, we find deep- 
rooted trees like oak, ash and elm. The 
seashore and sand dunes have their charac- 
teristic plants. 

9. Plants of low stature are easily over- 
shadowed by their taller and stouter neigh- 
bours. If they are to survive, they must 
flower and produce seed before their 
neighbours. This is well seen in woodland 
flowers like dog’s mercury and lesser celan- 
dine, which have completed their flov.'ering 
by the time the leaves of the trees burst out. 


10. In cactiform plants the green tissue is 
situated in the Cortex of the stem, and the 
leaves are greatly reduced in size; they may 
be found only as scales or hairs or thorns. 
The stem tissues are greatly swollen with 
water-storage tissue. 

1 1 . The chief problems for plants living 
in dense tropical forests are to reach the 
daylight arid to secure sufficient living space 
and fresh air. 

CHAPTER VII 

1. Predatory animals, like wolves in 
Northern Europe and stoats in Great 
Britain, form packs for hunting. In a pack 
they are able to run down their prey better 
than when they hunt individually. 

Many animals, like buffaloes and lem- 
mings, mass into herds which set off on 
migrations in search of food (grass, plants). 
Large numbers give greater security, thus 
encouraging survival. 

2. The polar bear, and, after that, the 
grizzly bear. 

3. Nearly all the weasels have well- 
developed musk glands, which produce a 
distinctive odour. Hence the name 
"foumart” (foul marten) for the polecat. 
The pine and beech martens, however, do 
not possess these scent glands and so are 
called "sweetmarts” (sweet martens). 

4. The sloth bear of India. 

5. Spreading hoofs prevent sinking in 
the snow and help in swimming in lakes and 
rivers. These hoofs click at every step, so 
that when migrating in darkness or snow- 
storms, the members of a herd are kept to- 
gether. The hairs on th? body are hollow 
and filled with air, so that the animal is 
buoyed up in the water and is thus enabled 
to swim great distances.' 

6. In true hibernation the animal builds 
up a store of fat in its own body to see it 
safely through the winter sleep. This ex- 
tends over the whole winter and is marked 
by the almost complete cessation of respira- 
tion, inaction of the digestive organs and 
the dwindling of the heart-beat to a mere 
flicker. Examples are hedg;hog and dor- 
mouse. 

In the case of other animals, like squir- 
rels and mice, there is no marked storage of 
fat within the animals’ bodi^. Instead, a 
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Store of food is set aside near the hiberna- 
tion refuge. If awakened, as on unusually 
warm days in mid-winter, the animals feed 
from the store, take exercise and explore 
their surroundings, and only return to sleep 
when bad weather returns. During this sleep 
there are none of the accompanying fea- 
tures of reduced respiration and heart-beat. 

7. The migration away from the Arctic 
during the northern winter is necessary in 
view of the freezing up of the sea then, so 
that the terns can no longer fish. Instead of 
migrating to warm equatorial and near- 
equatorial waters, the terns fly on to the 
Antarctic, possibly because they are seeking 
the continuous sunshine experienced during 
the summer there, and probably because 
they shun warmth. 

8. Usually the cock bird is the more 
brightly plumaged and either he assists the 
hen bird in the hatching of the eggs or he 
leaves this entirely to her. In the case of the 
red-necked phalarope and dotterel, how- 
ever, the female is the larger and more 
brightly plumaged bird, and the male 
hatches the eggs entirely on his own. 

Courtship in birds may be restricted to 
the relatively short period prior to the 
breeding season, or it may last for two years 
^fore the first eggs are laid, as in the case 
of the fulmar petrel. The courtship of the 
golden eagle may extend over years. This 
courtship is marked by clever aerial acro- 
batics. A common feature of many bird 
courtships is song. 

CHAPTER Mil 

1. It provides a stiffening, supporting 
framework for the soft parts of the body. 
Without it the body would collapse into a 
shapeless heap. It provides attachments for 
the muscles of the body, which operate the 
limbs as a system of levers. It provides pro- 
tection for vulnerable and delicate organs, 
e.g. the skull protects the brain. In the 
marrow of hollow bones, new red and white 
blood corpuscles are manufactured in large 
numbers. 

2. Gristle forms the greater part of the 
skeleton of the young child and quite a 
large part of the skeleton of the growing 
adolescent. As the years pass, more and 
more of it is replaced by bone until, when 


growth ceases, replacement is complete. In 
the skull some bones are first represented 
by sheets of membrane, not cartilage. 

3. All living cells In the body are supplied 
with food and o\>gen by the blood, which 
reaches them via the capillaiies, which are 
of extremely small size. Their walls, too, are 
very thin, so that the oxygen, carried along 
in the blood in the red blood corpuscles, 
easily passes through to the living cells 
which require oxygen, and the food, dis- 
solved in the blood plasma as protein or 
blood-sugar, readily leaks out with the 
lymph which bathes all living cells. 

4. The functions of the blood arc: (1) to 
convey oxygen from lungs to tissues in red 
blood corpuscles; (2) to convey carbon 
dioxide from ti.ssucs to lungs in blood 
plasma: (3) to fight off attacks of hannful 
germs by white blood corpuscles; (4) to clot 
and so stop up a wound; (5) to collect 
nitrogen-containing waste materials from 
the tissues and convey them to the excretory 
organs (kidneys); (6) to convey hormones 
from the glands (e.g. thyroid gland), to all 
parts of the body. 

Bipod freshly charged with oxygen 
passes from the lungs to the left auricle. 
Blood lacking in oxygen fills the right 
auricle, coming from all parts of the body 
except the lungs. Both auricles contract 
together, filling the two ventricle.s. The two 
ventricles contract together. The right 
ventricle sends its blood to the lungs to 
receive a fresh charge of o.xygen, and the 
left ventricle sends its blood all around the 
body. Arteries convey blood away from the 
heart, while veins convey blood towards the 
heart. 

5. Before the food can be used by the 
body it has to be broken down into 
materials which arc capable of being ab- 
sorbed into the .blood. Complicated pro- 
teins are broken down by digestive sub- 
stances into simpler proteins and eventually 
Into amino acids. Starches and complicated 
sugars are broken down into simpler sugars, 
such as grape sugar. Fats are broken down 
into glycerine and fatty acid. When these 
chemical changes have been Ciirried out. 
the resulting materials dissolve in the blood 
plasma and are conveyed in it in solution to 
all parts of the body, and, where they are 
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needed, they are absorbed directly from the 
blood plasma. 

6. Where there is no great urgency for 
speed of action, integration is often carried 
out by hormones or chemical messengers. 
These are poured out into the blood stream 
by glands, like the thyroid gland and the 
pancreas, and these secretions travel to all 
parts of the body, causing changes in some 
tissues and organs, but not in others, i.e., 
some are affected and some are not. Where 
there is an urgent need for speed of action, 
integration is effected through the riervo'us 
system. 

CHAPTER DC 
* 

]. His ability to make fire, to read, to 
write, to speak and to laugh. His mind can 
foresee future needs, so that he plans for 
the future and lays in stores of grain, etc. 
He has an intellectual, moral and religious 
life quite unknown in other animals. 

2. The first is a general mental ability 
which is inherited, called “g.” The second 
is a specific mental ability, and is largely 
acquired in the lifetime of the individual. 
An intelligent person quickly sees to the 
heart of a problem and his solution of the 
situation is prompt and correct. The less 
intelligent person cannot see his way out of 
the situation at all clearly, and has to have 
a number of attempts at it. 

3. McDougall's definition of an instinct 
is “an inherited disposition (I) to pay 
attention to objects of a certain class; (2) to 
feel in relation to the object a feeling of a 
particular quality; and (3) to act in a par- 
ticular way in regard to the object, or, at 
least, to feel an impulse to such action.” 

Examples of instinctive behaviour are the 
movement of salmon upstream to spawn; 
the migration of eels to the West Indies to 
spawn; the human baby at a very early age 
grasps a stick held before it and hangs 
therefrom; the newly hatched cuckoo 
pushes out the other eggs from the nest. 
There are, of course, many other examples. 

4. The restless and destructive energy of 
the young hooligan can be redirected under 
the influence of an ideal, e.g., he may be- 

■ come a member of a Tootbal! team or a 
dependable member of a Scout patrol. 

The sex impulse can be expressed in 


creative work for the good of the com- 
munity, e.g., organizing and running a 
youth club. 

5. The tests seek to show the quickness 
and accuracy with which the person being 
examined sees the relationships in a situa- 
tion. For instance, the question may ask for 
the blank spaces to be filled in for sentences 
like “as foot is to shoe, hand is to—” 
(glove), or “as black is to white, cold is to 

” (heat, warmth). 

6. Flight (fear); pugnacity; repulsion 
(disgust); parental instinct; appeal; sex; 
curiosity; submission; assertion and self- 
display; gregariousness; food seeking; 
acquisition; construction; laughter. 

CHAPTER X 

1. The simplest method of reproduction 
is by fission or splitting into two. When the 
two products of this fission reach the nor- 
mal adult size, they, too, split into two. 
Examples are provided by unicellular ani- 
mals, like amoeba. Some simple animals, 
like hydra, reproduce by budding, the bud 
separating from the parent after growth has 
proceeded a certain way. Hydra may also 
reproduce sexually. Some animals, like 
sponges, planarian worms and starfishes, 
can regenerate lost parts. This is an artifi- 
cial form of reproduction, resulting Only 
from accidents. 

2. In higher animals, only sexual repro- 
duction is practised. In higher plants, 
asexual or vegetative reproduction may be 
going on alongside sexual reproduction. 

3. Regeneration refers to the regenera- 
tion of lost parts. In the case of higher ani- 
mals, such as man, this regeneration is 
confined to the healing of wounds and of 
the stumps of limbs. In lower animals, like 
starfishes and planarian worms, a severed 
tail may grow a new head, and vice versa, 
thus providing another form of reproduc- 
tion. 

4. A hermaphrodite animal contains 
both male and female organs (gonads) in 
the same body, e.g., earthworm, snail. 

Parthenogenesis or virgin birth means 
that eggs develop successfully without the 
aid or intervention of a male. Examples are 
greenfly {Apins) and honey bee. In the 
latter, fertilized eggs develop into workers 
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or queens (females), while unfertilized eggs 
develop into drones (males). 

5. The young corncrake has numerous 
enemies, including man with his agricul- 
tural implements, such as tractors. The 
siting of the nest in cornfields lays the young 
open to obvious risks. The fulmar petrel is 
reared on inaccessible ledges, and has few 
enemies. 

6. The birds which lay eggs which har- 
monize closely with their surroundings do 
not usually construct a real nest, but merely 
scrape out a hollow on the ground, e.g., 
oystei -catcher. Birds with conspicuous eggs 
usually construct nests or hide them in 
hollows or tunnels, e.g., starting, owl, king- 
fisher. 

7. In higher animals the sexes arc separ- 
ate, that is, there is a male, bearing male 
gonads, the testes, and a female, bearing 
female gonads, the ovaries. The cells pro- 
duced by the ovaries are the eggs or ova, 
and these cannot undergo development into 
new individuals until they have been fer- 
tilized by the spermatozoa, which are the 
cells produced by the testes. 

In creatures like the frog we find the eggs 
are fertilized by the spermatozoa outside 
the body of the female. In reptiles and birds 
we find the eggs are fertilized inside the 
body of the female, and then arc laid with 
shells around them. In mammals the eggs 
are fertilized inside the body of the female, 
and there they undergo their development, 
later being born as young animals in an 
advanced state of development. 

CHAPTER XI 

1. By vegetative or asexual methods 
which involve no sexual processes. In uni- 
cellular plants, like bacteria and blue-green 
algae, this is accomplished by simple 
division of one cell into two. In filamentous 
algae like Spirogyra, the individual cells in 
a filament may separate and each grow into 
a new filament. In flowering plants portions 
of the plant may become separated from 
the parent by the decay of connecting 
pieces, e.g., . strawberry runners, rose 
suckers. Gardeners exploit this asexual 
propagation when they take “cuttings” of 
plants. 

2. The asexual method of reproduction 


described above for Spirogyra is not usual. 
The usual method is sexual. Cells ot adja- 
cent filaments form connecting bridges and 
through these the cytoplasmic contents of 
the cells of one lilament pass over to fuse 
with those in the other filament. 

3. In true sexual reproduction the 
formation of a new individual occurs only 
after two distinct cells, one female, the 
other male, have fused together and their 
two nuclei have united together, forming a 
fertilized egg or zygote. 

4. There are two phases in the life-cycle 
which alternate in regular succession — the 
sporophyle generation, producing spores, 
each of which on germination grows into 
a gametophyte. This bears sexual organs, 
producing male and female sex cells or 
gametes. Union of one male and one 
female gamete produces a fertilized egg or 
zygote, which grows into a new sporophyte. 

5. They lack the (usually) conspicuous 
flowers of the flowering plant, and do not 
produce fruits and seeds.- 

6. Inconspicuous flowers are possessed 
by plants in which cross-pollination is 
brought about by the wind, as in hazel, 
dog's mercury and gra.sses. Conspicuous, 
brightly coloured flowers are possessed by 
plants relying on insects for cross-pollina- 
tion, as in monk's-hood, pea and violet. 

7. The fruit is all that part of a flower 
which persists after fertilization until the 
seeds are ripe, and as there are such wide 
variations in floral structure, there are 
correspondingly wide variations in fruit 
structure. All the various forms of fruit are 
devices for ensuring the satisfactory dis- 
persal of seeds. 

CHAPTER Xll 

1. (i) Modifications, which result from 

the response of the individual 
organism to external influences 
(nurture). 

(ii) Inborn or innate hereditary char- 
acters, which result from the fact 
that the individual organism is the 
progeny of its parents (nature). 

2. Because each contributes the same 
number of chromosomes, and, further, the 
union of spermatozoon and egg unites 
members of pairs of chromosomes. The 
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large numbers of hereditary elements, the. 
genes, are resident in the chromosomes, and 
the members of a pair of chromosomes 
carry the same genes arranged in the same 
order. 

3. The mass of cells which constitutes 
the organism is derived from the fertilized 
egg by cell division. At each such division 
each chromosome in a pair of chromo- 
somes divides into two after the genes have 
undergone a doubling. The daughter 
chromosomes separate in pairs, a pair going 
into each daughter cell (mitosis). 

4. That, being proteins, genes are 
enzymes, too. Each of these different 
enzymes, produced by the different genes, 
has its own particular effect on the growth 
and development Of the organism. 

5. When a gene undergoes a change in 
its own internal organization, it becomes a 
mutant gene. It still affects the same growth 
and developmental processes as did the 
original gene, but in a different way and in 
a differing degree. Thus, there results a 
change in the character of the developing 
organism, which is described as a mutation. 

6. When the germ cells, spermatozoa and 
eggs, are formed, the cells dividing to give 
rise to them undergo, at one stage, a reduc- 
tion division or mciosis. At this division the 
two members of each pair of chromosomes 
are separated, so that each spermatozoon 
or egg contains only one member of each 
pair of chromosomes. Thus, the number of 
chromosomes in each egg and spermato- 
zoon is reduced to half the normal number 
for the species. Union between the two to 
give a fertilized egg restores the normal 
number for the species. If meiosis did not 
occur during the formation of the sex cells, 
the number of chromosomes would be 
doubled at each fertilization. 

7. Mendel’s first law states that the sex 
cells, spermatozoa and eggs, contain only 
one of any pair of factors (alleles), present 
as a pair in the ordinary body cells of the 
organism. This law still holds true, as we 
should expect in the light of our knowledge 
of meiosis. . 

Mendel’s second law states that the 
segregation of factors (alleles) described in 
the first law as taking place in the formation 
of sex cells, takes place independently and 


at random, that is, the distribution of the 
members of one gene pair between the sex 
cells is influenced in no way by that of any 
of the other genes present. It is now known 
that this law holds only when the genes 
under consideration reside in different 
chromosomes. If they should reside in the 
two members of a pair of corresponding 
chromosomes, then crossing-over disturbs 
the law. 

* 

8. One sex, more commonly the female, 
is homozygous for the genes of sex. These 
genes are located in a pair of chromosomes, 
called the X chromosomes. The ordinary 
body cells of such a female are XX so far as 
the sex chromosomes are concerned, while 
her eggs each contain only a single X 
chromosome, by segregation. 

The male is heterozygous for the sex 
genes. The ordinary cells of his body are 
XY, that is, each contains one normal X 
chromosome and one Y chromosome. The 
latter is unlike the X in respect of the genes 
it contains. Part of it is homologous to 
the X, the rest is not. By segregation, half 
the spermatozoa of such a male contains 
one X chromosome; the other half, one Y 
chromosome. 

When an X sperm fertilizes an egg (X), 
the result is a female (XX). When a Y 
sperm fertilizes an egg (X), the result is a 
male (XY). In some animals the relation- 
ships are reversed, that is, the male is XX 
and the female. XY. 

CHAPTER XIII 

1 . Lower organisms, like the oyster and 
the ling, produce very great numbers of 
very small eggs, which are practically de- 
void of yolk. Development is rapid and 
takes place after the eggs have been shed 
freely into the water. Here many enemies, 
tides, currents, etc., destroy the greater part 
of the progeny, but so many were released, 
some must survive by pure mathematical 
chancj. 

Higher organisms leave nothing to 
chance, but produce small numbers of large 
eggs, which contain a great store of yolk; 
examples, lizards and birds: or they pro- 
duce a small number of small eggs, which 
contain very little yolk, but these are re- 
tained within the body of the femaje parent 
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until fully developed. Examples: mouse, 
monkey, man (mammals). 

2. Because it becomes sexually mature 
and can reproduce while still in the larval 
(tadpole) condition. If it is not given extract 
of thyroid gland, it never really grows up. 

3. The shell of the egg is a protective 
barrier, within which the embryo can 
develop without much fear of attack by 
other animals. The membranes and fluids 
contained in the egg absorb any bumps 
and shocks to which the egg may be sub- 
jected, thus screening the developing em- 
bryo. The store of yolk is an ample supply 
of food for the embryo, which is thus able 
to spend some time over development, 
hatching out eventually as a completed 
young individual. 

4. The young learn from their parents by 
example. They also gain the protection of 
the larger and piore experienced parents 
when danger threatens. Child welfare in 
nature depends largely upon the number in 
the family. 

5. The marmoset, Australian brush- 
turkeys, the North American bow-fin, the 
three-spined stickleback, the fighting fish of 
Siam, the paradise fish of China, and the 
small South American frog, which carries 
the eggs in an enlargement of its vocal sac. 

6. Because the eggs have so many 
natural enemies that none would survive 
unless tremendous numbers were laid. 
Instead, a moderate number is produced 
and looked after by one or both parents. 

7. The legs would not be able to carry 
the weight of the body. If so large a body is 
to be carried, the legs would have to be 
proportionately so much larger and 
stronger; that is, the giant would no longer 
be of human proportions. 

8. Because they take longer to reach 
their adult size, and most animals do not 
become sexually mature until thb adult 
size is reached. 

CHAPTER XIV 

1. Firstly, that there is a struggle for 
existence; secondly, that animals vary; 
thirdly, that, as a result of these two, 
natural selection takes place. 

2. (i) Adaptations to a life in water are 
shown by fishes, ichthyosaurs, turtles, 


dolphins, seals and whales. Fishes are close 
to the ancestral vertebrate stock; ichthyo- 
saurs and turtles are reptiles; dolphins, 
seals and whales are mammals. 

(ii) Adaptations for making great jumps 
or leaps are shown by grasshoppers, fleas, 
frogs and kangaroos. Grasshoppers and 
fleas are insects; frogs and kangaroos are 
vertebrates — frog, an amphibian; kan- 
garoo, a mammal. 

(iii) Adaptations for life in the air are 
shown by butterflies, moths, flies, ptero- 
dactyls, eagles, flying squirrels and bats. 
Butterflies, moths and flies are insects; 
pterodactyls were reptiles; eagles arc birds; 
flying squirrels and bats are mammals. 

3. The wombat parallels the bigger 
rodents; the Tasmanian cat, the true cats; 
the Tasmanian wolf, the true wolf; the 
kangaroo, deer and other herbivores which 
are fleet of foot. 

4. He was able to offer a reasonable 
explanation of the peculiar features in the 
geographical distribution of animals. The 
lon^r an island has been isolated, the 
greater is the number of species and 
varieties peculiar to it. The strange and 
widely diverse marsupial fauna of Austra- 
lasia is explained in terms of geological 
separation and geographical isolation. 

5. That male animals compete for the 
females. Males with greater strength, better 
weapons or more striking adornments 
would be more successful. As the competi- 
tion increases between males, the orna- 
ments or weapons might be developed to 
such a degree as to become detrimental to 
the animal except when courting the 
female. 

6. According to Lamarck, the giraffe’s 
neck has become progressively longer as 
the result of successive generations of 
giraffes reaching up to browse on higher 
and still higher foliage. This assumes that 
the incre^e in length of neck gained in one 
generation Is inherited by the ne.xt. which 
thus starts with an initial advantage. 

According to Darwin, the lengths of 
giraffes* necks have varied. Those with 
longer necks have had a distinct advantage 
over those with shorter ones, being able to 
reach foliage denied to the others. In this 
competition for food, nature has selected 
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out those with longer necks, which has led 
to the exclusion of the shorter necked ones. 
Natural selection acting in this way over 
long periods of time, on widely varying 
lengths of neck, has perpetuated those 
with the longest necks. 

7. Only animals with hard parts which 
were buried in mud, silt or dust are at all 
common as fossils. Thus, we know a good 
deal about the fossil history of vertebrates, 
but practically nothing about the evolution 
of the worms. 

In the earliest rocks we find the remains 
of animals well advanced in their evolu- 
tionary history. The sedimentary rocks 
containing the earlier parts of their history 
have been lost. 

The fossil record very rarely produces a 
truly intermediate form. 

8. Firstly, mutations are relatively rare 
— the rate of mutation varies, but is always 
extremely slow; secondly, mutations are 
trivial — they control only small details of 
colour-pattern or small anatomical differ- 
ences in not very essential organs; thirdly, 
mutations so frequently have a bad effect 
on the organism. 

CHAPTER XV 

1. It is the study of living animals and 
plants in relation to their environment. 

2. About twenty thousand, and about 
half a million. 

3. Up to 100,000 or even more per litre 
(a litre is nearly 2 pints). 

4. Birth-rate, death-rate, and length of 
life. 

5. Anything which affects birth-rate, 
death-rate and length of life; e.g., tempera- 
ture, rainfall and the weather conditions, 
food supply, economics, parasites and 
disease. 

6. When out of all the eggs or young 
that arc produced by one pair of animals in 
one generation, two. and only two, survive 
to maturity to produce young in the next 
generation. 

7. It is a rodent that lives in Northern 
Europe. Every few years it increases 
enormously in numbers and overflows in 
thousands from the hills to the plains of 
southern Scandinavia. 

2. It is the study of the sequence of 


seasonal events during the year, and their 

relation to weather conditions. 

% 

CHAPTER XVI 

1. Antibodies are manufactured in the 
lymph g’ands and circulate round the body 
in the blood plasma. They are proteins 
and may be divided Into four main classes, 
as follows : (i) antitoxins, which neutralize 
the toxins or poisonous materials produced 
by bacteria which invade the body : (ii) 
agglutinins, which cause bacteria and other 
foreign bodies to agglutinate or stick 
together in clumps; (iii) lysins, which cause 
bacteria and other foreign bodies to dis- 
integrate; (iv) precipitins, which precipitate 
colloidal substances. 

2. By “ immunity ” is meant the resis- 
tance of the host to infection by bacteria. 
This immunity may be (a) inborn or con- 
genital, or (b) acquired, and acquired 
immunity may be brought about in two 
ways:— ■ 

(i) naturally acquired immunity — by 
the host actually contracting the 
disease, so that the experience 
stands him in good stead and it is 
most unlikely that he will get the 
disease a second time; 

(ii) artificially acquired Immunity — 
by the host learning how to deal 
with the disease by being arti- 
ficially injected with either “toned- 
down” toxins, as in the case of 
diphtheria, or with dead bacteria, 
as in the case of typhoid. 

3. In the disposal of sewage, use is made 
of the fact that the bacteria of decay break 
down organic materials into simple sub- 
stances, which are used as manures. The 
bacteria in the alimentary canal of man 
manufacture vitamins in the B group, 
which are absorbed by the host. 

Many industrial processes are carried out 
with the aid of bacteria, for example, the 
manufacture of vinegar and acetone, and 
the making of cheeses. 

4. One may become infected by one of 
the excremental diseases, that is, one of the 
diseases where the excreta of an infected 
person contain the bacteria causing the 
disease, and these bacteria are washed away 

into the soil, stream or well. Typhoid is 

« 
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commonly spread in this way in countries 
with poor sanitary arrangements. 

5. (i) The macrophages seize any for- 
eign bodies floating in the blood 
stream and destroy them. They 
are thus an important factor in 
combating disease. 

(ii) They behave as general scaven- 
gers and remove dead or un- 
wanted tissue. 

(iii) Those in the spleen remove and 
break down worn-out red blood 
corpuscles. 

(iv) Those in the liver remove vita- 
mins in the blood and pass them 
on to the liver for storage. 

(v) Those in the bone marrow re- 
move iron from the blood and 
pass it on to the cells making new 
red blood corpuscles. 

CHAPTER XVII 

1. The chief enemies of domestic ani- 
mals are (i) wild animals; (ii) adverse 
weather, such as extreme cold; (iii) shortage 
of food at certain times of the year. They 
can be protected against wild animals by 
keeping them together in herds, by en- 
closing them with a fence or wall, especially 
at night, or even by shutting them off in a 
stable or shed. They can be protected 
against the weather by bringing them to 
more sheltered and warmer places at cer- 
tain seasons (e.g., ewes at lambing season) 
and into sheds and stables. They can be 
prevented from starving when there is a 
-seasonal shortage of food by having care- 
fully stored reserves of food put aside for 
such an eventuality. 

2. By spraying with substances poison- 
ous to insects, like derris, pyrethrum, nico- 
tine, D.D.T. and Gammexane, or by in- 
troducing a natural enemy of the insect 
pest; for example, ladybirds were intro- 
duced to deal with scale insect on oran^ 
and lemons in California. 

3. The destruction of trees leaves the 
soil open to erosion by rain, while the 
destruction of trees on a very large scale 
(the removal of complete forests) may 
decrease the rainfall. Forest belts encourage 
the precipitation of rain and act as wind- 
breaks for crops. - 


4. The production of a specialized ani- 
mal or plant often entails inbreeding, and 
inbreeding often leads to a marked sus- 
ceptibility to disease. For example, cows 
bred for high milk-production succumb 
more easily to bovine tuberculosis, and 
hens bred for egg-laying are not very 
successful at brooding and bringing up 
families of chickens. 

5. Because the natural enemies of the 
rabbits were absent in Australia, and so 
they multiplied without any restraining 
influences. 

6. (i) By introducing laws — game laws 

— limiting or prohibiting the 
destruction of certain animals 
(and plants). 

(ii) By setting aside large areas of 
land as national parks and game 
preserves, in which no one is 
allowed to interfere with the wild 
life in any way. 

(iii) By the creation on a smaller scale 
of bird sanctuaiies and zoo- 
logical gardens. 

7. (i) By the extended use of fish 

hatcheries, where eggs are arti- 
ficially fertilized, and the young 
fish reared in this way are not 
put into the river, lake or sea 
until growth has proceeded some 
way and the young fish are, in 
consequence, better able to fend 
for themselves. 

(ii) By prohibiting the use of fishing 
nets with too small a mesh, so 
that only the larger fish are 
caught. 

(iii) By prohibiting the excessive 
fishing of any one aquatic animal, 
for example, whales. 

(iv) By extending our knowledge of 
the interdependence of larger • 
fish on smaller fish, and of these 
in turn on microscopic organ- 
isms (plankton). 

8. Man’s interference with nature has 
always had a beneficial effect for man him- 
self, but often this effect has been of very 
short duration. OAen complete disaster has 
followed. For lasting and continued benefit, 
man should respect nature and interfere 
with natural processes as little as possible. 
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Chlorophyll. U, 28. 29. 51, 54, 56, 80. 

82, 84, 89. 312, 313; pU^tiU, 70. 77, 

83, 84. 298 

Chromosome. 14. 246 </ 298. 301; 

maps, 253 
Chrys^s, 260 
acada, 41. 260, 262 
ClcbUd perch, 273 
Cilia. 54. 95. 222-224. 358 
Circulatory system. 169, 171 
Ovet. 48. 284 
Clam. 3% 106 
Claw, 90; of cat, 93 
CUmalis, 134 

Climbing planU, 128. 137, 315. 71 
Club moss. 51. 62. 227. 62 
nuiid, 137 
Cobefo, 108 

Cockle, 38; (roshwater*. 106 
Cockroach. 39. 100. 107; nervous sys- 
tem, 122 
Coconut, 237 
Cocoon, 260 

Cod. 42, 95, no. 120, 14i 266, 310. 
311. 357, 42 

Coelenterala, 37. 357, 358 
Coleoptera, 41 
Collaj^n. 166 
CoUembola, 39 

Colomlioo: concealing, 288, 289, 313, 
29Ii mimetic, 288, 289. 313; warn- 
ing. 288, 289. 2S9 
CoouDeasaiism, 314 
Composite, 63 
Conception, 249 

Cone, 62, 228, 232, 236, 238, 242. 57; 

Austrian pine, 62 
Coney. 35, 48 
Cooiierm. 63, 236 
Coo ugation. 221, 222 
Cod unctive tissue, 75 
Cooneciing link, 25S, 283. 286, 287. 

292. 296. 297, 292 
Connective tissue. 171 
CoDvergence. in evolution, 284. 286 
Cenvoivuius, 63, 134, 234 
Copepod, 312, 313 
Co^nus, S2 
Coral, 38. 98; reef, 56 
Coraliine seaweed. 56. 56 
Cork, 76, 347 
Cormorant, 110 
Corncrake. 201, 202 
Cornea, 174, 24 
CoroUa, 230. 235. 238 
Cortex, 68, 69, 76, 82, 136, 349 
Cotyledon. 63, 238-240 
Cougar, 35 

Cow. 177, 178, 284, 335, 336, 339, 34U 
Cowrie, 38, 58 
Coyote, 143 

>20. 266. 284, 
315; hdltr*. 198; hermit, 39; king-, 
39, 117; larva, 260, 266, 284; oioull 
of, i67; spider-, 278 


Crane, 47, 47 
Craniata. 42 ri 5/^. 

Crawfish, 124. 257. 2M 
Crayfish. 39; aliincntar>* canal, /7 
Crvvping plaiiU. 7t 
Cretaceous period. 107 
Cncket. 39, 124; inolo*. 112 
Cniioidca, 41 

Crocodile, 43. Oi>. 110, 121, 124, I2S. 

272. 27«, 92. IIS 
CiTKUS, 63. 12S, t;j. J.J2 
Crossbill. 114 

Crossing owr, 231 ri 2Sl 
Crow: camon. 302; hoo»lie. 302 
Crustacea. 39. 95, 9S, 124, \U>. 257, 
260. 278. 284, 286. 312. U5 
Cryptogriin. 51. 63; cellular , .51. 5^. 

59, vascular, 51 
Ctenophorj. 38 

Cuckoo. 212. 2o3. 353-357 333. 331, 
333 

Cuckoo piht. 230, ^7. 221 
Culture solution, SO. 82; cxivniiKht^ 
with plants. SI 

Curlew, 145, 158, 20S; stone*. 270 
Cuticle. 7o 
Cutin, 76 

Cultle hsh, 38 106, 117, IIS, eye ol. 
120 

Cuvier, 35 
Cycad. 34. 63 
Cyfhps, 39 
Cyclostoinata. 42 
Cytoplasm. 14. 298, 299 

Daffodil, <>3 

Daisv, 63; pollination, 221 
Dandelion. 25. 63, 236. 238. 242; fruit. 
237 ‘*4'* 

Daf>iin, Charles. 112, 2S3. 287. 288. 

292. 293, 295; portrait of, 2S2 
Date. 237 

DMu/a. development of dower to fr^jit, 
234-235 

Death. 9, 21, 150. 152. 153. 169. 171, 
180. 181. 310, 311, 317, 330 
Deer, 48. 89. 112, 122. 152, 153. 210, 
213, 214, 284. 287. 289. 303; fallow. 
214-217; 214-217. 214. 2IS. 

290. 295; roc, 214-217 
Dei^xtion. 16 

Defensive mechanisms. 290-291 
Degeneration, see ** retrogression “ 
Dentition, 99, 100; milk*, 100 
Desert. 89; dora. 135, 136 
Deszuid, 55 
Dextrin, 179 
Diaphragm, 175. 176 
DiasUse, 84 

Diatom, 54, 55. 308, 310, 311, 313, S4 
309 

Dicotyledon. 53. 63. 240 
Digestion, 16, 23, 94, 99. 146. 152. 169. 

177-179. 182. 314, 321 
Digestri'e s)‘steiii. 169, 177, 178, 262; 
of sheep» 101 

Dinosaur, 43. 107. 108. 278, 2S6-2S7 
Diphtheria, 325-329; immunization 
326 

Diploid. 301 
Dipnoi, 42 
Diptera, 41 

Disease, 54, 56, 57, 172, 321-333, 336. 
340. 341 

Diver black- throated. 205. 20S; red- 
throated. 205, 206 
Dodder. 128. 129, 129 
Dodo. 341 

Dog, 48, 90, 98, 112,122, 124, 125.139, 
143. 180, 185, 188, 194, 195. 210, 
245, 284, 301; brain. IS7; foot. 
JJ3; teeth, 290 

Dogfish, 42, 117. 197; brain, 193; em- 
bryo, 27S 

Dog’s mercury, 131, 133, 232 
Dollar urchin, 41 
Dolphin, 48 

Domestic animals, 335, 341 


Dominance. 2 SO el 205, 299 

Donuousc. 1 5u, I4'J 
Dotterel, 157 

Dove, 207; nng*. rock-, 20*) 

Dracon fly, 39, 209, 41. /H, gn*«wlh r»|, 
'20: lifr*histor\'. 2 

Duck-hiUM platypu*., 48, 25S, 269. VV. 
'239 

Ductless gland, 171, 182 
I)u*;oim\ 4.S, 110 
Duiker. 4H 

Eadlc. 91. in, 1S4, 157, 158, U>1. 

291, 204. 20«>, 29*>, 279, 92. 119 
r.ar, 114, m, 121 rf ug., In5; bones, 
■24; dniin, 122, 21. iiiticr-. 122. 24. 
musch'i, 122; outer*. 122, 123, 24. 
of rabbit. 123. -sholl. IS 
Harlhwonii, 19, 38. «<J. 1 96, 139, 3S 
Kaf^vitf, 39. 41 
tcHulna. 25H, 209. '297 
I'MuiuxIorrujIa. 41, 286. 40 
ICc'hinoidea, 41 
Kodogy, 2*13, 295, 305 ri 

lidcntala, 4S 

Eel. 42. I4t>; blin<l*. 42; larva. 256. 2t-», 
hfr-hiMory. 189, 190. 190 
I'gestion. 16 

Eglt: cell. 223, 227, 228. 24<) ei ir^-, -57 
ri sr^., 199; colour ol binU’. 207. 
353; membrane. 259; reptilian. 2Sf>, 
34; shell, 2S7. 354; -tooth. 257. 20V, 
•while, 257, 258, 354 
Elephant, 48, 89. 100. 110. 122, I2<>, 
145. 263, 278, 279. 2M. 284, 4S. 91 
Elm. 63, 130 
Eiodra tandJ^ruts. 83 
Embo'O, 228, 235. 238-240, 247, 2.s7, 
284; sac, 228. 235; of sponge, 30. 
of vertebrates. 275 
Emu, 113. 263, 269 
Emulsion. 12, 179 
Emdocrinc. 171, 182, 1S3 
Endodemus, 76 
Endoskelctoii, 166 
Endospcnii, 235 

Environment. 105ri srg.,139, 165, 245, 
248. 249. 300, 305 tl ir^„ 311. 315 
Enzyme. 84. 177, 178, 179, 183, 246, 
248, 251, 321, 349 
Ephcineroptera, 39 
Epidermis. 68. 69. 76-78 
Epiphyte. 58, 137 
tfuisdum, 62 
Erepsin, 179 
EugUna. 54 
Eumycetes. 57 

Evolution. 105. 165, 249, 257, 262, 292, 
293, 2<>7, 298. 303, 305, 348; con- 
vergent*. 284, 286; Darwiniaii 
theory of, 283 ri see. 

Excreta, 103. 323, 349. and disease. 
323-325 

Excretion, 23, ISO 
Exoskelcton, 10<>: of crab, 16? 
Extinction, 341-343 
Eye, U5. 117. 165, 24. JIS. 119. 
AnabUps. 120. 121, ape, 121; binls. 
120. 121. babMii, 121; bream. 
120; cave fish. 120; chameleon. 120. 
121; colour. 248. 250; compound. 
120; crab, 120; cro<»diJe. 121; 
cuttle-fish, 120; fish, 120; fiat ^b, 
117, 118. 120; frog, 121; grazing 
.iniiuaJ. 121; hippopoUinus. 121; 
insect, 121; mauunals, 120. 121; 
man. 114, 121. 120; muscle, 24; 
periscopic, 121; pterodactyl, 108; 
reptiles, 121; sea-squirt. 262; sim- 
ple. I'20: snail. 120; tardier. 121, 
wbaie, 121 

K>*clid, 239; third-, 117, 24, 121 

Fat, 12, 149, 152, 169, 179-181, 257 
271, 315, 345 
Fatty add, 179 

Feather, 108. 121, 122, 270. 287 
Feather-star. 40 
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F.ieces, 179, 322, 323 
I'frTDcnt, see '* en/vme.*' 

Fen), 51, 62, 63, 137, 227, 30S; hart's 
ton>juc*, 63, C V, male-, 63, 22H, 53; 
sexual repro<luelion, 220', sporan- 
eia, 225: tree*. 63, SO 
Fertilization. 51. 52, 63, 222 €t s:g., 
246, 249 <t s<q. , 257; of human egg, 
199 

Fieldfare, 44 
Tic. 340, 351, 352; 237 
Filler-feeding, <H, 95, 93 
Finch, 47, 203 

Fire, 185; aborigines making.‘/34 
Fish, 42, 90, 110. U5. 140, 168, 201. 
278; ashore, 113; deep-sea, 120; 
development, 257, 259, 272-274; 
ears of, 124; <;>*cs of, 117, 120; 
feeders, 90, 100, 108, 156; aat. 42. 
117,118, 120, 198, 260; fresh -water, 
42, 198; fiying. 2/3; hibernation, 
146; lung, 42; mariac, 42, 315; 
monk, U7; mud, 42; nostrils of. 
126; reproduction, 197, 266; tongue 
of, 127 

Fish-haicherv, 343, 344 
Fisher, 140, 141 
Fission. 197; of Amoeba, 190 
riagcllata, 54 
Flagellum, 54, 55. 98 
Flamingo. 127, 263, 22 
Flat -worms, 38 

Flea 41, 101, 279, 324. //; water-, 34. 
39. 98 

Flight. 105, 107, 108, 154, 207, 208, 
286; of butterfly. 307\ limbs used 
in, W9 

Flower. 25, 51, 52, 229 ri s^.icarpel* 
lary, 230; clcistogamic, 231; of 
gymnosperm, 62; of lily, 230; stam- 
inate, 230; of tan. 56 
Flowering plant, 25 ri uq., 51, 228. 
308. 311 

noweriess plant. 51, 308 
My. 41, 235. 260, 309, 323, 324; alder-, 
41; blood- sue king*, 101; caddis, 41; 
crane, 41; dragon, 39; empld, 198, 
199; gall, 41, 347; green, 41, 197; 
house-, 41, 117, JJ3. 324; hover-, 
41; may-, 39; saw*. 41; scorpion*. 
41; sUlk-eyed*, 429; stone*, 39. 
tsetse*, 41, 341 

Flycatcher, 47, 114; spotted—, 44 
Fontaneilc, 166 

Fo^, 9, 312; of animals, 11, 16, 21, 23. 
89 ft stq., 177. 180. 183, 322, 323; 
chains, 103; digestion of, 169; of 
planU, 11, 79. 80*84, 89. 90; pre* 
servation, 343. 345; reserves in 
plants. 84. 239, 240; storage by 
animals. 149, 150, 185, 336, 343, 
345, ISO; transport in animals, 174. 
175; transport in plants, 27, 71, 84 
Foot, of snail, 106, 100 
l^oraminJfera, 36, 105 
Fossil, 299; diatoms, 55; earliest, 105; 
evidence, 284, 286, 297; gymno* 
sperms, 53; insccU, 107; record, 
290; vertebrates, 1 10 
Fox, 48, 90. 103, 152, 210, 212, 243. 
273 

Foxglove. 234, 224 
Fritillary, 63; marsh*, 300, 301 
Frog. 42, 121, 124, 276, 104; brain, 
437; Brazilian j)aradoxical, 259; 
eyes, 443; development, 258, 259; 
flying; 108, JOO; tree*, 276 
Fruit, 52, 229, 235, 238, 239, 335, 336. 
348. 237; classiflcalion, 240; com* 
pound. 236. 241; dry. 236. 240. 241, 
237; simple, 236; succulent, 236, 
240-242, 237 
Fruilfly {Drosophila), 302 
Fnistulc, 55 
Funarut, 58, 226, 227 
Fungus, 11, 12. 29, 51, 

308, 310-314, 336, ^^7, 340, M7, 
^2' algal-, 56; dry-rot, 38; edible. 


58; gill, 58; higher, 57, 224; mildew, 
58; parasitic. 29. 51. 54-58, 224- 
226; poisonous. 58; rust, 58; sapro- 
phytic. 29, 51, 54-58; slime, 56, S6; 
smut, 58; spores, 220 

intelligence factor. 186 
Gall. 313. 347-351; beech*. 348; beetle. 
351, 3SI; currant*, 348; cynips 
hoHari, 3S0; flo>ver, 351; fly, 41, 
347, 346; insects, 347-352; niiU, 
340; rose*, 346; wasp. 351, 352, 34S 
Galton. 124 

Game Law 342, 343; preservation, 
341, 343,5/2. 343 
Gamete, 55. 226, 257 
Gametophyte, 227-228 
Gannct, 156. 163, 209, 270, ///, 1S3- 
ISO 

Ganoidea, 42 
Gasteropc^a, 38, 94 
Gastric mill, 99 
Gavial. 02 
Gazelle. 48, 113 
Cfhia, 112 
Gecko, 43, 108 

Gene. 246 ft sfq., 293, 295, 297-299, 
301. 352, 335; complex, 294; domi- 
nant, 250 it seq^ lethal, 299; 
mutant, 248 ft sfq., 294, 297; reccs* 
sive, 250 ft stq.; sex-delcmuning, 
254 

Genetics, 245 ft stq., 284, 289. 293, 295, 
297, 298, 300-303 

Genotype, 248 ft scq., 294-296, 301 
Genus. 33. 36. 245, 298, 299, 302 
Germ. 172. 322 

Germination of seeds, 239, 240, 242 
Gennplasm. 249 
Gibbon, 112 

Gill: a^. 95; external. 258, 259; 
fllament, 95; of fungus, 23; of 
mushroom 226 
Ginkgo. 54, 63 

Cirafle. 48, 263, 279. 284, 287, 293 , 233 

Gizzard of birds, 99 

Gliding animals, 108, 286, 287, 100 

Glomerulus, 180 

Gnat, 41. lOl, 347, 349, // 

Gnatbobase. 98 

Gnu, 48 

Goat. 48 

Goby. 113 

Gopher, 48 

Gorilla. 278. 279 

Gourami, 202 

Grampus, 48 

Grape, 237 

Grass, 63, 224, 232, 235, 316, 339; 
cotton-, 242; feeders, 89, 99, 103, 
177 

Grasshopper, 39, 100, 124, 90, 226 
Grebe. 201, 205; nest ol great crested, 
204 

Greenshank, 158, 460 
Growth, 7 ft seq., 19, 21, 23, 65, 66, 72, 
79. 80, 84. 128, 166-169, 188, 219, 
235, 239. 248, 256 d SfO., 278, 279; 
of dragon fly. 20; of cuckoo pint, 27 
Grub, 260. 347, 349 
Guanl-cell. 78, 86 

Guillemot, no, 160, 161, 201, 202, 205. 
355 

Guinea-fowl, 263 

Guinea-pig, 48, 89 . . , , 

Cull, 47, 281, 47, 111; black -beaded. 
316, 464; greater black -backed, 
202; herring. 202 
Gullet, 169, 178 

Gymnospenns, 52, S3, 63, 236. 240. S7 
62 

Gynoecium, 238 

Habits, 193. 194; learnt by rat, 494 
Haemoglobin. 171, 177, 331 
Haemopbilia, 177. 248 
Hagflsh, 42 
Hair, human. 170 


Hamster, 48 

Hare, 48, 89, 152; Arctic, 252; Cape 
jumping, 123; mountain, 146 
Harrcy, 172, 174 
Hawk. 103 

Hawthorn. 131, 133. 134 
Hazel, 131, 232, 241, 243, 237 
Hearing, 121 d sfq. 

Heart, human, 169. 171, 172, 262, 47S; 

valves of, 172, 174 
Heart urchin, 41 
Heather. 134. 316 
Hedgehog. 48 148, 149, J04. 143 
Hedgerow animals, lOi 
Hell-bender. 42 
Hemichordata, 41 
Hemiptera, 41 

Hen's egg. 237, 339; sUges in develop- 
ment of, 2S3 
Hepaticeac, 51, 58. 226 
Herbivores, 89, 90, 94, 99. 100, 103. 

286, 312 321; teeth. 400 
Herd, 89, 143-146, 152, 267, 297, 335; 
instinct, 191 

• Heredity, 243 a sfq., 283,284, 293-295. 

298 

Hermaphrodite, 197 
Herring. 42, 168; King*, 42 
Heterozygous, 249 ft srq,, 295 
Hibernation, 146-152, 315, 517 
Hippopotamus. 121, 125, 146, 263, 
269, 279. 287, 443 
Hirudinea, 38 
Holoihuroidea, 41 
Homozygous, 249 d tcq., 295, 299 
Honey feeder. lOl, 270; nectary. 232, 
234. 235, 238; suckle, 133, 234 
^ Hoof, 127, 145, 213, 214 
Hop, 128, 232 
Hormone, 182 

Horn, of deer. 214-215, 289; of snail. 
115 

Hornbeam. 232 
Kombill, 270, 272 

Horse. 48. 100, 105, 112, 122. 127. 177, 
263, 279, 284, 300, 341, 13; foot of, 
143; nervous system. 226 
Horse chestnut fruits, 63 
Horsetail. 51, 62, 227, SS, 62 
House-leek. I3S 

Humas, 89, 129, 130, 133, 134, 339 
Hybrid, 301, 302 

* Hydra. 37, 98. 499 
Hydrogen, SO 
Hydrophyte, 7S 
Hydrozoa, 37 
Hyena. 48, 143, 284 
Hymenium, 225 
Hymcnoptcra, 41 
Hyoid process, 127 
Hypha, 51, 58, 224-226 
Hyrax, 35, 43 


IchncumoD, 41, 293 
Ichthyosaur,. 43 
Iguana, 43 

Immunity. 327 d sfq, 

Impala. 203 

incubation, 257, 269-272, 278 
inferior vena cava, 174 
ixiflorescence, 25 
Ingestion, 10 ^ 

Iziheritance, 186, 245 d $fq,, 298, 299, 
305. 336. 356 
ffiouilines, 352, 353 
Insects, 31, 39, 106, 107, 308. 310, 
3U, 314, 315, 347; asexual repro- 
duction, 197; coloration, 2W; 
compouod eye, 117, 124; complex 
behaviour, 115; development, ^7, 
260; exoskeleton, 166, 286; flinog, 
107; food of. 89, 100; as food, W; 
mimicry, 288; mouth-parts, W, 
100. l6l; nervous system. 422; 
poUinalion. 131, 229, 231-235; 
reproducUon, 198, 199; sense of 
smell, 126, 127; vreighl, 279 
nseclicide, 3x4, 337, 341 
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Insectivora, 48 
InsecUvores 90 

Insectivorous plants. 134, 135. /J5 
Instinct. 139, 154, 153. 16S, 1S9, 
m-l93 . 

' Intel li*jcnce, 185. 186. acquirwl. lany, 
ammal, U9, 189; human. 1S5 rt 
sia.' jnhent^, 180; tests, 180-lHS 
Intestine, 94, 331; Urge, 178; small. 
178, 179 

Iron. 80-82. 84. 171. 183, 331 
Isoptcra, 39 

Jackdaw, 270 

j acuar. 48 

cUv-fish, 37. 123. 165. 266, 274. 27t>, 
i57. JS. iiOt 
Terbil. 48 
Jerboa, 48 
John Dory. 90 
Junit>er, 03. 6'J 

Kaa^aroo, 48, 263. 267. 269 

Katydul, 90 
Kr»ta4, 91. 157 

Kidney, human. 171, 180, 182, 27V, 

m 

King crab, 39, 117 

King^her. 47, 153. 154, 270. 4S 

Kinkajou, 110. 112 

Kiwi. 120, 257 203. 209. I2S 

Koala. 48, 203 

Kril, 39 95 

Laca^wlofti 41 

Ladybird, 41, 340 
Udy’s smock. 133, /JJ 
Lamarck. 35. 2^33 
Lamiiuiriij. 56 
Lamprey, 42. UO. 260, 4^ 

Lancelet, 41, 41 

Land. 305, 308; life, 315; tempenture, 
307 

Larch, flower of. 2J8 
Lark. 47, 158. 208. 281; skylark. 4S 
Larva. 257-260, 266. 277. 347-349; 
Cbordate, 286; Crustacean. 284; 
Echinodenn, 286 

Leaf, 25. 51, 70-78. 86. 229; embryonic 
238-240; fall. 79; gall, M9; r,ucouS 
inlercbanKC in. 84-87; hopper. 41; 
insect, 3Sb mosaic. 133; photo- 
synthesis. 28; rosette. 25; Scot's 
pine, 78; skeleton, 67; trace. 71; 
types of folia^, 72; visculor 
strands. 27 
Leech, 38. U3, 3H 

Legutuinosac: in agriculture, 82; pod, 
240; root nodules, 82. 314. 321 
Leixumng. 48, 146, 309, 310 
Lemur. 48. 127, 20^, flying. 287; 
fruit-eating. 108 

Leopard. 31. 48, 113, 143. 213, 93 
Lepidoptera, 41 
Lesser celandine, 131 
Leeuwenhoek. Antony van. 319, 320, 
322; portrait of. J20 
Leucocyte. 166, 171, 172, 180, 329-331 
Libido, 191, 192 
Lichen, 51. 54, 58. 89. 313, S3 
Ligament, 168 

Light: effects on birds. 161. 163; 
importance to plants. 83, 84. 312, 
315. 316. 87 
Lignin. 73 

Lime, 166. 183. 257; eat particles, 123. 

124; tree. 242, 349 
LimnoM, 115, 298 

Limpet, 38, 94, 115; slipper-, 197; 

Chinaman’s hat*, 278 
Ling. 134. 266 
Linkage. 232 a stq., 294 
Linnaeus, 35, 52 

Lion, 35, 48, 91, 127, 143. US, 213, 
284. 286,. 43. 24i; fool of, iiJ; 
tuanupial 286; teeth of. 8S 
Lister, Joseph, 322; portrait of, 323 
Liver, 99, 172. 179, 180, 331 


l.iverff'ike. U, 9^K Jv, 99 
Llvefwi>ft. 51. 5s, 22o, 

LirarJ. 43, M. 121. 124. 2Nt. 303, 
43, a«)uatK, MO, fnllvd. 113, 
flvinc. lOH. 409, ht-lodcnu. 'JS9. 
tuat.ir.i. U7. JVO 
Llama. 20 f 

l^bsUr. 39, 0*3. 107. 117. 124, 

16*^, //s. 290] larva. 2<**>. 2S4. 
rock, 124 

Locust. 39, 109, 344 
Lous 4*, lOl; biting. 39; bo^k, 39. fi>h, 
39; plant, see •’aphid'*; sucking. 
39; wooil, 39 
Love dart, 197. 499 
Lung. 169. 171. 172. 174. 175, 177. 

258. 259; 776; •6>h, 259. 273 
LycoPiHiium, 62 

Lvinphatic isO. 330-332 

Lynx, 140. 141. 143. 30> 

Mackerel. 42, 90. UO. 120. 274. 27o, 
43. 41S 

Macrophage. 329-332. 329. 330. 331 
Magnesium, 80; phosphate, 106 
Maholi galago. 123 
Moideii'Kair tree, sec ** Ginkgo *' 
Miltav. 178 

Mauiiii iK, 34. »8. 1 10. 165. 262, 263. 
2o7. 269, 283. 286. 2SS. 2*37. 342, 
blood. 2S6. brain, 113. 286; I3nti»h 
spocKS, 36, 308; claws, 90; car, 
121, 122; egg laying, 34, 258, eyg, 
120. 121; limb adaptations, 443. 
reproduction, 198. 499; sex and 
mating, 210-217; sue, 27S; teeth, 
99; tongue. 127 

Man, 48. lOi. 112, 121. 283. 299. 308, 
313; age, 279; alimentary canal. 47; 
body, 165 d brain. /A 7. 493, 
chromosomes. 246. 251, 253; civil* 
iusl. 183; ear musc les. 122; embryo. 
27S; excretion, 180; eye, 114. 121; 
foot. 143; genes. 298; band, 443; 
intelligence. 185 d mental 

powers, 139. 1M5; and Nature. 335 
d nose. 125; cppco<luction, 310; 
r^piratory system, 169; skeleton. 
165-169, 464; spinal coluuui. 766; 
teeth. 109 

Manatee, see ” dugong " 

Mandible. 98, 99. 101 
SfarchafUta, 58 
MarniOH't. 48, 267 
Marram grass. 434 

Marrow, red (bone). 166, 172; veget- 
able, 75 

Marsh marigold, 14 

Marsupials, 48. 110. 267. 286. 288 

Marten, 48; be^b, 142; pine, 142 

M.xstication, 98. 100; lotcmai. 99 

Mostjgopbora. 36 

May-ffy, 260 

Meadow cranesbill, 87 

Medullary ray. 69. 75 

Meiosis. 251 d uq, 2Sl 

Membrane, 167, 177 

Memory, 185; inherited. 189; racial. 192 

Mendel, Job.ann Gregor, portrait of. 274 

Mendelism. 252 d uq, 284, 289. 292 

Merbn, 206, 207 

Metamorphosis, 259, 260, 276, '277, 
347, 350. 351; of Tortoiseshell 
butterfly. 264-26$ 

Mexican tjghllo. SO 
Microbe, 169. 172, 179. 180. 319 d 
$4$ 

Micropyle. 236, 239, 240 
Microscope, 319, J2/; electron-, 319, 
322 

Midge. 41. 197 

Migration. 145, 146, 311, 31 S. 317; of 
birds. 154-156. 307, 315; of buffalo, 
145; of eel, 189, ]*X); of fl&b, 343 
Mildew. 57, 58, 224, 225 
Milk. 168. 179, 269, 323, 325, 335-337, 
339 

51jJkweed. seeds of, 23 


.Millipctle, .V>. |i>) 

Milt. 197. 19^^ 

Mimi‘ rv, i*"*, 2''9. 2^9, Ntul 

l**naii, 2’*9 

Mite, U, .19. H5. 147 
249 W scy, 247 

Moa. Ml 

Mob*. AH, 112, 122. /s. -rnck*9, Mi; 

evi* nf, IIU. foat oi. 143. 'i.ir Jio^rd, 
126 

MoMusca. 3H. 94. |9»>, ll\ 117, 197, 
25?<, Ity^K Z»Ai. ZU, 313. 337 
Morigix»<\ 2.S4 
Monitor. 4 I 

Monkrv, 4'!, IciS. 112. 121, 125. IS't, 
263. 267. 269. 4\. <>\vs of. 1 40. foot 
ol. 771, howlef ', 1 1<J, matonuil can* 
in, 20\] , l2t>; snub- 

nos4s1, 12<*, spid'T*, 119, 412. 

wcejH-r capu« hin, 40; woolly, UO 
Monocotyledon, 53, 63, 240 
Monogamv. 212 
MiKJse. 125. 2(4 
Mo^juilo, 191, 324 

Moi^. 51, 5S. 59, so, 137. 226, 316; 
lN»g-. 38. 134, 135. 5 S, capsule, 227, 
227] leel.^nd . 5S, ,>.V; reindeer*, 58; 
si'xual ropro<lui lion, 220 
Moth, 35. 41, 10 1 . 126, 234, 260, 302, 
30H. 314, 137. 44. 404 
Mould. 51. 57 

Moum.*, .V>. 4S, 213, 263. 299, 404] 
Egyptian spmy*, 2o2; fieUI-, 430] 
fo^ of, as hXHl. 103; hars'esl-, 
UO; hilKnution, 148, 149; (wpula- 
tion variation, 30'3 

Mouth, 17. 125. 14 4, 152. 169, 175. 

178. 262. 274, 276, 277, 24 
Mucus, 127. 179. 274, 358 
Mud ‘.kipper. 113, 120 
Musci, 58. 226 

Muscle. 21. 106, 168. 169. 172. 174. 

175, 177, 182; of human bo<ly, 409 
Mushrcx)in. 51. 58, 226; o>*sler-, 2S 
Musk gland, 141-143. 210 
Mu>s^*l. 38, 106, U5; 315; ;<md-. 106, 
274 

Mutation. 248 d itq. 283, 292, ?>4, 
295. 298-302; -rate, 254, 255. 2<36, 
297 

Mycelium. 224-226 
M>'na|XAJa. 39 

NngQDa« 341 

Natural ^-lection. 248, 249. 255. 283, 
287-289, 292-296. 302 
Nautilus, 38, JV; jx'.irly-, 106 
Nerve, 114, 115. 139, I7l. 7/6‘; cell. 

777; centre, 115; motor-. 23 
Nervous system. 23. 114, 115, 139, 
182, 262; of binl. 440\ of cockroach, 
7L»-;oi horse, 776*; of man. 171, 172; 
somatic. 778; svmp.tthctic, 776 
Nest. 201 c7 uq. 269. 270, 273, 274, 
276; building bv birds. 757 
Nettle, stinging hairs of. 290 
Neurosis, 194 
Neuroptcra. 41 

Newt, 42, 198, 95; development of egg, 
273 

Nictitating membrane. 117, 24, 424 
Nightingale, 47. 158. 281. 45 
Nightshade, enchanter’s. 1.33 
Nilrugen, 80; assimilation by plants, • 
82: hsalion by bacteria. 82, 314; 
insectivorous planu, 134, 135, 

waste substances. 169 
Noctule, 409 
Nose. 123. 169. 175. 177 
NqUoc, 54, 219. S4 
Nostril, 125. 126. 24] mtemal*, 126 
Notochord, 262 
Nucleolus, 65 

Nucleus, 14, 54. 65, 73. 75. SO. 212, 246 • 

d uq, 298; division ol, 06. 220. 221 
d uq, 246 d seq; generative-, 230 
Nurschouad. 42 
Nymph, 260; of dragon-fly. 204 
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Oak, 03. 130, 131, 133. 348, 351, m. 

•apple, 347, 348, 349, 352 
Ocellus, 16 

Octopus. 38, <M. 106, 107, 117, 260. 
278 

Ckionata, 39 

Oflensjve mechanisms, 290-201 
Okapi, 48, 287 

OJfactor>’ hulb, 126, 24 
Oligochaeta, 3S 
Omnivores. 100 
Oogonium, 223, 224 
Ophiuroidea, 41 

Opossum, 48, 262; American, 30. 110, 
268; 30, 270: Australian. 108. 269, 
288 

Orange, 237 

Orchid. 63, 133, 137, 310 
Organisms: cellular, l4, 15: non-rvllu* 
lar, 14 

Orxgtn of Spfcits 283, 289 
Orth op I era, 39 
Osmosis, 86 

Ostrich, 127, 269, 270, 271 
Otter, no, 152, 210, 217, 2i2 
Ovary, 63, 230, 235, 236. 238 
Oviduct. 257, 277 

Ovule, 63, 230, 231, 235, 236, 238, 350 
Ovulation in birds. 354, 355 
Ovum, 257 

Owl, 91, 103, 121. 123. 206. 207. 33. 
102, 119 

Oxygen, absorption of. 19; animals* 
requirements, 17, 169, 171, 174, 
175, 177; plants' requirements, 80, 
86; produced in photosynthesis, 28, 
83, 87 

Oyster, 38. 115, 197, 258, 266, 207. 
310,311, 291 

Oyster-catcher. 201, 207, 209, 20$ 

Pack. 90, 91, 142, 143, 145 
Palaeontology, 283, 284. 293. 305 
Palate, 125. 24 
Pancreas, 178. 179, 183 
Panda, 48, 284; giant-, 123 
Parasite, 29, 51. 54-58, 98, 103, 128. 
129, 137. 224-226, 282, 300, 301, 
312, 317, 347-353; hyper-. 353 
Parencbyina, 75, 76. 84; palisade-, 77; 

spongy-, 77; xylcm-, 73 
Parental care, 267 ft seq, feeling, 194, 
195; instinct, 191 
Parrot, 47, 185, 270. 281, 47 
Partbenogeoesis. 197 
Partridge, 263. 270 

Pasteur. Louis, 197, 322; portrait ol, 
323 

Pavlov, Professor, 139 
Pea. dower of, 234; fruit of. 235, 236. 
240. 237 

Pelecypoda, 38, 94, 95 
Pelican, 127. 270; beak of. 33 
Peliia, 58 

Penguin, 43, 110, 263. 270-272, 315. 

47; emp^r, 317 
Penicillin, 333, 332 
PeniciUium, 57, 333 
Pepsin, 179 
Peregrine falcon, 91 
Pericarp, 235, 238, 240. 241 
Pertpalus, 39, 106, 128 
Periwinkle. 38, 315 
J^erspiratioD, 180, 181 
Pests. 336. 337 
Petal, 230. 235 

Petrel, 157, 202. 204; fulmar, 205. 209, 
263; Storm, 209, 210. 263 
Phagocyte, 330; phagocytic activity, 
330-333 
Pbalanger, 108 
Phalaropc. red-necked, 157 
Pbancrogamia, 51. 63. 228 
« Pheasant. 47, 47 
Phenology, 316 
Phenotype, 2S4‘, 255 
Phloem. 69. 71, 73. 75, 78 
Phosphate. 166, 1^, 171. 180 


Photosynthesis. 11, 28, 29, 83. 89, 11. 

in aquatic plants. 83 
Phylum, 34 

Pig. 48, 100, 284. 287. 270 
Pigeon, 89, 270; passenger*. 309; rock-, 
163, 102; wood-. 208 
Pike. 90, 140, 278; gar-. 42 
Pimpernel, 133 

Pine. 54. 63, 232: Scots. 134, 236. 238 
242 

Pineapple, 237 
Pisces, 42 
Pistil. 230 
Pith, 68. 69, 76. 78 
Pituitar>* gland. 259. 24 
Placentalia, 48 
Plaice, eyes of, 117, 120 
Planarian, 38, 197 
Plankton 260, 308. 315, 343 
Plants, differences from animals. 10 
ft sfq., 29; and environment. 1 28; as 
food, 89. 90. 312; prime necessities 
of, 129; structure of, 25 a sfq., 65 
ft seq. 

Plant communities. 130 ft sfq„ 315. 
316; in- beech wc^. 134; in Brazil- 
ian forest. 136; at edge of wood 
304; in oak wood, 130 
Plasma. 171 ^ 

Plasmodium, 56 
Plat ybel mint hes. 38 
Plecoptera, 39 
Plesiosaur. 43 
Ploughing, 339. 33$ 

Plover golden, 207, 208; green, 208; 

ringed, 209 
Polecat, 142 , 138 

PoUeo,t52. 228, 230 d sfq., 311. 328, 
350 

Pollination: cross-. 230-232, 238, 314; 
of daisy. 221; by insects, 131, 229. 
231-235, 238. 218; self-, 230-232, 
238; by wind. 131, 232, 230. 238 
Polyandrous, 157 
Polyebaeu, 38 
Polygamy, 213-217, 269 
Polypody, 63 
Pol>'Mrou$ fungus. 52 
Pond, 307; pond-water life, 30$ 

Poplar, 63. 232, 243 
Poppy, 233, 241; fruit of, 237 
Population. 295, 297-303, 308. 311, 
314, 317 

Porcupine, 48. 241; tree-, 110 
Porpoise. 48, 100. 110, 48 
Portuguese man-o'-war, 37, 38 
Potato, 84. 179, 243; blight, 57, 337 , 66 
Pouch, of marsupials, 267, 269; of sea 
horse, 274 

Prawn. 39, 39; burroMing-, 112 
Praying mantis, 39. 198. 30 
Prehensile tail, 110, 112, 127, 269, 
274; of spidtf Qsonkey, 112 
Primates. 48. 46 

Primrose. 131, 132; pin-eyed and 
thrum-cyod dowers, 231 
Proboscidea, 48 

Protein. 80, 82, 171, 178. 179. 246. 

248, 237. 312, 327; digestion of. 
179; nucleo-. 246 

Prolballus, 228 
Protochordata, 41 

Protoplasm, 12 d sfq., 65, 71, 80, 86, 
87, 105, 165, 171, 219, 220, 222, 

249, 257, 321 
Protothcria, 48 
Protozoa, 36. 139 
Proventriculus, 16, 27 
Psocoptera, 39 

Ptarmigan, 145, 159. 160, 210 
Pteridophyta. 51. 62, 63, 227, 228 
Ptcr^aclyl, 43, 107, 108, 286 
Puffin, 262 

Pulmonary artwy» 172, 174 
Pulse. 174, 175 
Purine body, 180 

Pyihium, 224; sexual reproduction, 221 
Python, 91, 272 


Quadruped, IIO, 112, 113, 140 
Quagga, 341 


Rabbit, 48, 89, 91, 103, 110. 113, 122. 
127, 177, 309, 336. 104; brain of 
287; car, 123; embryo, 275; eye, 
129; Mendelian innoritance in, 
250; SQow'sboe-. 309, 340; stomach 
of, 29 

Raccoon. 48, 284 
Hadiolarian, 36 ' 

RaduJa, 98, 358 
Rainfall, 307, 339 

Rat. 48, 146, 213. 324, 336. 340; 

coypu, 269; intelligence tests on, 294 
Raven. 161, 163, 206, 281. 292 
Ray, 42. 110, 272, 42. sting-, 42 
Razorbill, 110, 202, 203, 203 
Reasoning. 139. 185. 188, 189 
Receptacle, 230, 236 
Recessivity, 250 d seq., 295, 299 
Rectxim, 178 
Redshank, 157 
Ktdwood, giant tree, $4 
Reflex: conditioned, 139, 192; simple 
(unconditioned), 139 
Regeneration, 197; in starch, 199 
Regionalization, 247 
Reindeer, 89 , 18 

Reproduction, of animals, 197 d uq., 
310, 311, 199; of living organisms. 
9. 21. 23; of planU. 219 ri seq., 301, 
310 

Reptiles. 43, 107, 108, 115, 121, 127. 
146, 148, 198. 257, 263, 272, 278. 
283, 286, 287, 292, 297 
Rmiration; control in man, 177; of 
hibernating bear, 146; of living 
organisms, 10. 23; of plants. 29. 
86. 87 

Respiratory system, human. 169, 175, 
176 

Retrogression, 262 

Rhinoceros, 48, 263. 279, 284; foot 
of. 223 

Rhizoid, 222, 223, 226 

Rhizome, 62 

Rhizopoda, 36 

Rib, 172, 43 

RickeU, 167, 168 

Robin. 47, 160, 353. 45 

Rodentia, 48. 89, 100, 149, 269, 286 

Rook, 47, 292, 44 

Root, 25, 27, 28, 51, 128, 129, 243, 
31^: aerial*. 137; -cap, 25. 79; 
•hair, 25, 58. 78. 79, 82. 84. 86. 
240; lateral-, 25. 243; nodules, 
82, 314, 321; pressure, 86; tip. 
25, 240, 60; tissues, 78-80: dif- 
ferent types of, 70 
Rose, 63, 133, 243. 63, 290 
Rose-bay willow-herb, 242 
Roughage, 179 

Rust of wheat, 58, 2Z4-2Z6, 336 
Rutting, 2l3 d seq. 


Salamander, 42, 259 
SaUva, 178, 181, 349 
Salmon, 42, 114, 168. 273 
Salp, 41 

Salt, 305, 306: -marsh, 130 
Sand dune, 130 , 132 
Sand hopper, 39 
Sandpiper, purple, 163 
Saoide. 133 

Sap, 27, 66, 67; ascent of, 86 
Saprophyte. 29, 51-58, 224 
Sa^asso Sea, 56 
Savage, 185, 192,184 
Sawfish, 42 

Scale, of bird. 121; of reptile. 287 
Scale insect, 41. 340 
Scallop. 38, 117, 38 
Scent, 140, 141, 210, 232; -glands, 126, 
127 

Scilla, 63 

Sclerotic, 24; -ring, 121 
Scoiopfndrium. 63 
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Scorpion. 39, 39 
ScypMioa, 37 

Sej, 305, 307, 305; -life, 315: deep-sea 
life, 312, 312: seashore 315 
Sea-aoetDone, 35, 95, 105, 315, 357, 
358, 10. 33, 3S6 
Sea*<ow, 48, 341 
Sea cucumber, 41, 40 
Sea-elephant, 48 
Sea-fir. 37 
Sea-Kooseberry, 38 
Sea hor^, 274 
Sea-lettuce, 55 
Sea lily. 41, 2S6. 40 
Sea-lion, 48, 90, 110, 269, 284 
Sea -mouse, 38 
Sea-slue, 38, 357, 358, 357 
Sea snake. 107 
Sea- spider. 278 
Sea squirt. 41. 95. 262, 17, 41 
Sea urchin. 41. 98. 105, 115, 266. 2S6, 
40; development of egg of, 9 
Seaweed, 51, 56. 315, 56 
Sea-wofTU, 38. 58 

Seal. 48, 90. 100, 122, 145. 152, 284. 

92: bladder-, 126; elephant-, 267 
Seed, 51. 52, 63. 84. 229-231, 235. 
236, 238. 239, 241; endospennic. 
235; non-endospcrniic. 235: as 
(o^, 343, 345; gennination. SO^Si. 
84; leaf. 63, 238; numbers of. 310; 
respiration of, 87 
Seed-tearing plants. 52. 63. 228 
Seed disper^, 238, 239. 241, 242, 23, 
241 

Segregation, 252 ef reg. 

Sefachil, 42 
Sr/egiH/f/a, 62, 228 
Sense organs, 1 15 <t rrg,. 24 
Sensitivity of am ID its, 23. 114. 127; to 
light, 115, 139; of living organisms, 
‘9; to touch. 115, 123, 12M 126. 127 
139 

Sentiment, 194, 195 
Sepal, 230, 235 
Sequoia, 64 
Sewage, 32!. 324. 325 
Sez, 197 it 221 ft setf., 253 it 
dimorphlscn 31, 300; impulse, l^; 
instinct. 191, 210; linkage, 254 
SezuaJ reproduction, 21. 197 it uq., 
221, 222 a uq., 256, 281. 294, 301, 

Seiual selection, 289 
Shag. 110 

Shark, 42. 117, 126. 272, 273, 278, 
284 286 

Sheep, 48, 89, 103. 213, 214, 263. 335; 

digesUve system iOl; teeth, 100 
SbeU, 38, 266 

Shoot. 128, 229 243; adventitious, 

Shrew, 48, 122. 145, 269 
Shrimp, 39, 315; fairy, 39, 95; fresh- 
water, 39; salt (brine), 39, 95 
Sieve plate, 73, 75 
Sieve tube 73, 75 
Sight. 115. 120, 121 
Slfk of empid. 198; of freshwater 
cockle, 106; of spider. 108 
Silver-fish, 39 
Siphonaptera. 41 
Siienia, 48 

Sim of animals 278, 279; of bacteria, 
320; birds' eggs, 263; of carnivores 
ad their prey, 103; of cells, 65; 
of food panicles. 94, 98; maumum 
for species, 21; of plats, 65 
Skate, 42, 110, 117, 197; reproductive 
organs. 199 

Skeleton, of bird. 121; external, 286; 
human. 165-169, 164; internal 
286; of plant, 67 

Ski^ human, 171, 170; of plant, 68, 
69 


Skill] 166. 167, 287, 293, 43. 93 
Ski^ 48, 142, 284. 288. -bear. 
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Steeping sickness. 36. 341 
S'ipper animalcule, 36, 139. 

Sloe. 131. 134 
Sloth, 48. 263. 4S 
Slug. 38, 94. 330. 3.17. 201 
Smell, sense of 124-127 
Snake. 43. 91, 114. 124. 272. 34. 

2S0. 291. rtyiiig, I Os, sea. 107; tnv 
127 

Snail. 38, 94. 98. 106, 115. 12‘», 197. 
258, 29S, Ub. 337; oyes of. ItK 
foot of. too. reproduction ot. lf*'K 
^hell of. 290 
Snowdrop. 63 

Soil. 29, 80. 82. 80. 129. I JO, 133, 1 14. 
130. 137, 305. 308. 312. 321. J 47. 
339, 341. 343 
SolomonV seal, 63 
Song of birtU, 158. 207. 208 
Sparrow, hedge. 333; hous«*. 43 
Spkignum. 58 134 

Speens. 31. 245, 249, 29S-303. 311. 
formation of now, 292- 2*M, 2*/<. 
302; nomenclature. 36; nunilnT of 
ferns. 62; number of flowering 

I dants. 308; number of UUmI 
orms. 288; sexual djiuorfdiom, 31. 
lotal numl^r of, 31 
Speech. 1S5 

Speed of movement. tl3. 114; of 
cheetah, ItS 
Speedwell, 133 
SpenualophyU. 51 63. 228 
Sperma toroid. 223. 224. 226-228 
Spenuatoaoori. 246 it siif., 198, 237. 
319; human. 499 

Spider, 31. 34. 39. 106. 117. 123. 124, 
198. 2S6, 119, 200, 291, go^b^anier, 
108; sea 278 
Spinal column. 160 
Spinal cord, 24 

Spitogyra, 55. 220-222, 220, 222 
Sponges, 37, 95. 98, 197, 266. 315. 
36. 37, 199 

Spontaneous generation, 197, 322 
Sporanguin, 224. 228; mega-. 22$; 

mJcio*. 228 
Sporopb>'te, 226-228 
Spore. 54. 56. 219-228, 310. 311. 340; 
capsule, 222 

Spring-Hoivcring plants, 131. 133. 132 
Squid, 38. 94, 106, 120. 278. 93, 113 
Squirrel, 48. 89. 149. 150 213. 286. 

288; dying- 10$. 287. 109; grey. 310 
SUmen 230 d si^., 349 
Starch, 12, 27, 28, 73. 75 76. 80. 84, 
178. 179, 239 

Starfish. 41. 105. 115, 197. 266. 278, 
286. 40, 299 
Starling. 207, 255. 236 
Steapsin, 179 

Stem. 25. 51, 67 a , 240; diflerent 
types of. 70 
Stfnior, 113 
Sterility, 301. 302 
Stickleback. 42. 201, 273, 274, 277 
$6gau. 52, 230 it siq. 

Stimulus. 23. 139, 191. 330, 331. 349 
Stinging cells, 98, 357. 358 
St. Kilda wren. 309. 311 
Stoat, 48, 91. 140, 145. 213. 217. 284. 
143 

Stoma, 28, 77, 7$. S4-S7, 136. 225, 
226; of Scots pine. 76; of monkey- 
puzzle, 77 

Stomach. 16, 94. 169. 178. 179, 182; 

of rabbit. 29; of sheep, 101 
Stonechat 43 
Stork, 47, 47 

Struggle for existence. 136. 283. 288, 
335 

Sublimation, 192 

Sucker, of octopus. 94. of plants 243 
Sugar 27. 66. 169, 179. 180. 182; 
cane-, SI, 177; diabetes. 183; fruit-, 
177; grape-, 76, 84. .177, l?8; 
malt-. 178 

Sulphates, 169, 171. ISO 


>nlfdn»ii.imi<h*. M2, 

Snhh-vv, IJ*', 134. Hj, fJJ 
>i»ip-'nor wna i.im, 174 
Sw.iIImw, 1ii>, 153, 154, 15u, Jlo, \\S, 
109, l.U 

Sw.m. 47. 20%. 2u9. 27n, 27o. h' 
Swjitmijng AtimiaU, Ib*. Ill 
Swonlli'h, 114 
Sy<Mm<»n\ 237 

S\iiibr'<io, >1. >4. 82, 314, 352 

Tadpole, of froc, 25s, 259, 27o, 277, 
'JOJ; oi salamander, 2 *p 6; of sei 
^t^mrt, 2<>2 

Tail, no, 112, 113, 127 
Tnlon, 90. 91. 92 
Tapewonn, 3<, 9s. 

Tapir, 48. 263, 2>4, 2VJ 
Tar»icr. 121. //V 
Tasmanian <b-vil, 4n, 14f>, HO 
Tasio. sense of, 124-127. bud, 12\ 
127. 24: organ. 115, 126 
Twth. ‘Kl. 9S-I0<i. 24. 3S, 92. IfUf 
Telco>tei, 42 

Tvniper.il uro. iK^ly, 2s6, cnvjroniiu iii, 
306, 307; land. 307; .muting photo 
synthesis, 83 
Temlon, 173 
Tcndnl. 73. 74 
Tcnrec, 262 

IVnuilc, 39. 127. 185, 41 
Tvm, Arctic. 155. 156. 204 205, 43 i 
Temtora*, 157, 159-101; l>l.ick-hca<U-d 
gulU, 161 

XiSt^ 2JS-240, 242 
Thallophyla, 51. 54 
llmllns. 51. 56. 58. 22%. 224 
Thistle, 03, 133, 242. 291 
Thrush, 47, 257, ml&sel, 208 43, song, 
208, 45 

Thyroid gland, 182, 259 
Thvsaiioptcn, 39 
Th>-sanura. 39 

Tiger. 31,48, 143. 148. 213,6. WO. 119. 
291 

Tissue. 14. 171, 174, 180, 182, 319. .420. 
13; cellular (simple h 51; ronilm l- 
ing.67; connective, 67, 171; dermal, 
68; fiuid, 180. 310. 331; fonuation 
of. 06; of plan U. 67, 320; secrttor>’, 
67 

Tit, 47; blue. 44: great, 196. ionc« 
tailed. 201 

Toad. 42, 259, 43, 211: midwife, 277; 

pipa (surinarnl. 277 
Toadstool. 58, 226 

Tongue, 114, 115, 125, 127; of chame- 
leon. 5»i; of COW, 24 
Tortoise, 43 279 

Touch, sense of. 123. 124, 126. 127 
Toxin. 327-32') 

Transpiration, 28, 86 
TrematoJa, 38 
Trichoptcra, 41 

Tropical foxVsls, flora of, 136, 137. 315 
Tropi^m. 139 
Trout, 42; hatchery, 344 
Truffle, 58 

Trypanosome. 36, 30 

Trypsin, 179 

Tubefoot, 105. 40 

Tuhff, 58 

Tuberculosis, 340 

Tunica ta. 41 

Turtle 11 aria, 38 

Turbot, 117, 120. 266 113 

Turkey, courtship display of, iio* 

Turtle, 43, 107 

Typhoid, 322-324, 328 

VlothriTf 55 
Vsfua. 58 
UmbclU/erue. 235 
U ni ce lia la r organisms. 8 
Ungulata, 48 
Urea. 23. 109. 171, 180 
Ureter, 180 

Uric acid. 169, 171. 160 



384 


INDEX 


VriM, 17l» 180. 181, 330 
Uunjs, 257 

Vacuole, 65, 66 

Vascular bundle. 27, 67, 68, 69, 71-73, 
75, 76. 78- SO. S4. 86 
VaH£h<ria, 222. 223. 

Vegetative reproduction, 197, 242, 
243, 30S, UT 

Vein (blood vessel), 172, 174) 175; o( 
leaf. 27.67, 71, 76, 67 
Venlncle, 172, 174 
Venus’s fly-trap; J35 
Vertebrates, 42 ^ se^, tlO, 115, 117, 
140, 106. 283. 2S6. 2<37. 43 
Vessel, 27, 71-73; annular. 72; bast, 73; 
pitied. 72; reticulated, 72; spiral, 
71, 72 

Vetch, 234; fruit of 237 
Violet, 131, 231. 234 235, 242 
Virgin birth, see parthenogenesis ** 
Virus. 249. 320, 336 340, 349 
Vitamin. 168. 179, 183, 257, 331, 336; 
A. 345; B 179. 321, 536, 345; C, 
343; C4ilcif>'ing. 168; D, 345; folic 
acid. 171; K, 177, 179 
Vo*o, 48, 89, 91, 103, 309 4S 
Vulture, 113. 279. 281; ghflon-, 263 

Watklo^, diagonal, 112, JJ4; rota- 
tory, 112 

Wallaby, 48, 267, 270, 43 
Wallace. AUred Russel. 287, 288 


Wallflower, 67 ft 69; flower of. 229. 
230, 229; fruit of, 236, 241, 229; 
seed of, 235: stem of, 69 
Walrus, 48. 284, 92 
Warbler, 47; garden-, 158, 44; marsh, 
353; willow, 206 

Wasp. 41, 89, 101, 235. 340, 347, 351, 
352, 41 

Waste products (excretion), 23, 169, 
171, 174, 175. 180 

Water, animals* requirements, 177» 
179-181, 279, 286, IS; animals* 
losses of, 180. 181; bacteria, 345; 
bloom 219; current, 95; disease, 
323-325, 32S; movement in, 114. 
284. 286; pore (leal). 86; soil, 129 
Weasel, 48. 91. 103, 140, 142. 143. 210. 

213. 217. 284. 104 
Weather, 307, 3U, 316. 317, 335 
Weevil, 41, 101, 345 
Weight of animals. 278, 279 
W hale. 4S, 95, 110, U4, 121. 122, 126. 
127. 263. 278. 281, 284. 286. 342; 
killer*. 143; sperm-, 126; toothed-, 
100; whaiebooe, 95. 313 
Wheat, 535-337, 345; culture experi- 
ments, J37 
Whelk, 38. 266 
Whippet, 113 
Whiteihroat, 206 
Windpipe. 169, 175, 177. 24 
Wing, of bird, 108. 287; of insect, 107; 
of pterodactyl, 107-108 


Wire worm, 308 

Wolf, 48. 90, 142. 145. 152. 210, 286 
Wombat. 2S6. 203 
Wood, 12. 67. 60. 71. 75. 78, 86; fibre, 
72, parenchyma, 73 
VVockI anemone, 131, 230 
Wood avens, 242 
W’oodcock, 209 
Woodpecker, 127 
Wolverine, 140-143. 213 
Wooing devices, 198, 199 
Worm, 110, 260. 296, blind-, 43 
bristle, 38, 278; burrowing, 315 
flat. 38. 197; lug. 38; paddle, 38 
rag, 38: ringed, 38. 106; sea-, 3£ 
ship 38; thread, 547; tul^, JJ3 


X-ebromosome, 253, 254 
X-rays, 248. 249, 2% 
Xylen, 69, 71-73, 78, 86 


Yam, 337, 339, 343 
Y-chromosome, 253, 254 
Yeast, 57, 9: 57 

Yew, 54, 63, 232; flowers of, 232 
Yolk, 257, 258, 273. 354 


Zebra, 48. 284, 341, 291, 3iZ 
Zoosporanguim, 222 
Zoospore, 222, 223 
Zygote, 55, 227 
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